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Abstract 
Late blight of potato caused by a fungus like organism, Phytophthora infestans 
was recorded in India for the first time between 1870 and 1880 in Nilgiri hills 
whereas under sub-tropical plains, it was for the first observed during 1898-1900 in 
Hoogly district of West Bengal. Since then this disease has spread far and wide and is 
now a recurring problem both in the hills and in the sub-tropical plains. Crop losses 
may vary from 20-80% depending upon the cultivars and the regions. Average annual 
crop losses due to this disease are reported to be 15% valuing to 60 biUions Rupees. 
Extensive research on potato late blight has been carried out in India since 
1949. As a result of this, more than twenty late blight resistant varieties have been 
developed and deployed across the country. Besides, pathogen population has been 
studied and characterized mainly using biological markers. It is now well established 
that both Ai and A2 mating types occur in varying proportions in the country, which 
provides opportunity for sexual reproduction to occur in nature. 
In light of new findings on population structure there is a need to further 
characterize the pathogen population and work out implications of sexual 
reproduction under Indian conditions. The major objectives of present investigations 
were to conduct detailed study on pathogen population structure, population dynamics 
of the new strains and work out implications of sexual reproduction in nature. 
Studies on population dynamics of Ai and A2 mating types under protected 
conditions by mixed inoculating the isolates of two mating types in equal proportions 
revealed that the new strain {A2 mating type) is comparatively more aggressive so 
much so that it completely displaced the old strain (Ai mating type) by the time 
disease severity increased to 70%i and subsequently only A2 mating type was 
recorded. 
Similar studies were carried out using different polyploids. Results revealed 
that in the beginning when disease severity was low (10-20%)), frequency of triploids 
was highest followed by diploids. Tetraploids were altogether absent. Thereafter 
population of diploids kept increasing and at 100% DI their population increased to 
80%). The remaining population consisted of triploids. Tetraploids were recorded only 
when disease severity was 30-35%o. This indicated that amongst all polyploids, 
1 
diploids are most fit under Indian conditions. 
Population dynamics of four different physiological races varying in their 
vimlence factor v/z. 1.7, 1.3.7, 1.2.3.4.11 and 1.2.3.4.7.11 was studied under protected 
conditions. Besides development of new races during the course of disease 
development was also investigated. Results revealed that out of four races only two 
viz. 1.2.3.4.7.11 and 1.2.3.4.11 were detected in varying proportions upto 40% disease 
severity. Thereafter, only new physiological races were detected. Virulence factor 5 
and 10 which were not present in any of the parent race were detected in new 
physiological races. Similar results were obtained when above mentioned races were 
mixed inoculated and clonally multiplied over generations on detached leaves. These 
results supports the earlier findings that new races may arise from a single or a 
mixture of races even in absence of any selection pressure. 
Implication of sexual reproduction on development of new genotypes was 
studied using mating types, ploidy, physiological races and RAPDs as markers. 
Results revealed that inheritance of mating type in Fi progeny did not follow any 
definite trend. Progeny from four different crosses yielded four different mating type 
rafios inFi progeny. They include 1:2, 2:1, 3.T and all A2 mating types. 
In the present investigation sexual progeny also yielded new physiological 
races. Only one out of two parent races could be detected in Fi progeny. Besides, 13 
new races comprising 2-6 genes were recorded. Studies on impact of sexual 
reproduction on ploidy status of progeny isolates revealed that when 2C x 2C isolates 
were crossed, the resultant progeny was polyploid consisting of diploids (75%) and 
triploids (25%). 
Studies on use of RAPDs as marker for studying genetic variability in Fi 
progeny revealed that all the 12 progeny isolates possessed one of the bands of A2 
mating type whereas only four out of 12 progeny isolates had common band with Ai 
mating type parent indicating that only part of the progeny has received genetic 
material from Ai parent. This fact is also evident from the phenogram showing 
relationship between parent and progeny isolates. 
Comparative aggressiveness of sexual and asexual population of P. infestans 
was studied by using five isolates each of sexual and asexual population on whole 
plant and detached leaves of two potato cultivars Kufii Chandramukhi (susceptible) 
2 
and Kufri Jyoti (moderately resistant). Results revealed that sexual population was 
comparatively more aggressive. Although, there were isolates in asexual population 
which proved more aggressive than some of the isolates of sexual population. 
Differences within sexual population were narrow when tested on whole plant 
as compared to detached leaves. No significant differences were recorded in sexual 
population with regard to composite fitness index and lesion area although they 
differed significantly in respect of sporulation count on detached leaves. 
Implication of change in P. infestans population over the years was studied by 
comparing aggressiveness of three isolates each collected during 1992, 1996 and 
1999. Results revealed that isolates collected during 1999 were significantly more 
aggressive than the isolates collected in previous years. This suggests that the new 
population which was added over the years is more aggressive and that it will have 
long term epidemiological implications. 
Genetic variability in P. infestans was studied involving 67 isolates belonging 
to different geographical locations and representing various marker groups viz. mating 
types, physiological races, ploidy and Gpi and pep isozyme genotypes using RAPDs 
as markers. Results revealed that RAPDs were able to resolve all the 67 isolates 
individually suggesting the utility of RAPDs as a DNA marker for fingerprinting P. 
infestans population. It was also observed that RAPDs could separate out isolates 
based on their geographical locations. Grouping of all the isolates from a region into 
one group tend to suggest that geographical barriers played an important role in 
blocking the gene flow from one population to another. RAPD analysis of P. infestans 
isolates belonging to 7 Gpi and 3 pep genotypes revealed that no distinct groups were 
formed based on genotypes. This indicated that the isolates within each genotype 
differed at genetic level. RAPDs also resolved isolates from the same genotype into 
different subgroups suggesting superiority of RAPDs over isozyme markers. 
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CHAPTER 1 
INTRODUCTION 
Introduction 
The potato {Solanum tuberosum L.) is one of the very few crops which has the 
capacity to meet the ever-increasing food demand especially in developing countries. 
More than one billion people all over the world consume potatoes and it is part of 
daily diet of half a bilhon people in developing countries (Khurana and Niak, 2003). 
Potato crop ranked 2!"^ in India, 6* in developed countries and 4**^  in the world when 
compared with 20 other major crops (FAO, 1998). 
Potato originated in the hills of Andes and Bolivia in South America. It was 
introduced into Europe by Spaniards in the second half of the 16* century, from there 
it spread throughout Europe and rest of the world in the mid 17*'' to mid of 18* 
century. It is believed that Portuguese introduced potatoes in India in 1 f^ century. 
Although potato crop is attacked by over 70 diseases, but late blight caused by 
Phytophthora infestans is by far most devastating (Plate 1) and ranks first in order of 
priority in most of the potato growing countries including India. The late blight 
fungus co-evolved with potato in Central and South America and subsequently spread 
to other parts of the world mainly through infected seed tubers. It made history in 
1844-45 when entire crop across Europe, especially in Ireland, was killed prematurely 
leading to worst ever famine the 'Irish Potato Famine' (Large, 1940). One million 
people died of starvation and another million migrated to USA and other parts of the 
world. 
Late blight was recorded in India for the first time between 1870 and 1880 in 
the Nilgiri hills (Butler, 1918). Whereas under subtropical plains, it was first observed 
in 1898-1900 in Hoogly district of West Bengal (Butler, 1903). As of now, late bhght 
is a recurring feature in all the hilly regions. It appears in epiphytotic form every year 
and the entire crop is killed before it completes full growth resulting in 70-80% crop 
Plate 1 
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Fig. 1 View of Potato field infected with late blight. 
Fig. 2 Late blight infected plant showing infection on stsms. 
Fig. 3 Potato leaf infected with late bUght. White cottony growth of P. infestans on 
lesions are visible. 
losses in unprotected crop (Singh and Shekhawat, 1999). Its attack in the plains is, 
however, erratic. Generally, it appears once in two-three years and causes loss up to 
70 percent (ca. 40%, Singh and Shekhawat, 1999). This erratic behavior of the disease 
is borne out of the fact that weather does not follow any definite trend in the 
subtropical plains. 
Reproductive behavior of P. infestans has been studied in detail and is now a 
subject of textbooks. Uptill 1958, it was believed that this fungus reproduces only 
asexually through production of zoosporangia, which upon germination (indirect 
germination) produces zoospores. The zoospores are the main source of late blight 
infection. Although heterothallic nature of P. infestans was known but presence of the 
two opposite mating types (Ai and A2 mating type) and their mating potential was not 
known until Gallegly and Galindo (1958) for the first time demonstrated that P. 
infestans reproduces sexually under Central Mexico conditions and produce thick 
walled oospores in potato tissue(s). In rest of the world, only Ai mating type was 
known to occur. Situation, however, has changed since then. The other mating type 
(A2) has since been detected in Europe (Hohl and Islin, 1984) and subsequently in 
other parts of the world (Spielman et al, 1991; Drenth et al, 1993b; Fry et al, 1993; 
Mosa et al, 1989; Singh et al, 1994). Further, it has also been demonstrated that P. 
infestans now reproduces sexually atleast in some regions (Drenth et al, 1994; 
Andersson et al, 1998). The possibility of sexual reproduction under Indian 
conditions has also been demonstrated (Singh et al., 1998). These findings have a far-
reaching consequences especially on biology and epidemiology of potato late blight. 
There is lot of apprehensions about the P. infestans population that would arise out of 
sexual reproduction. Will it be different from the asexual population? If so, in what 
respect, especially with regard to its pathogenic behavior, competitiveness and 
aggressiveness. Although, few studies have been carried out which tend to suggest 
that the sexual population would be more fit and aggressive but it needs validation. 
Studies on pathogen population and its dynamics are vital for understanding 
the over all behavior of the pathogen and its impact on disease epidemiology and the 
host resistance. Both Ai and A2 mating types now exist in India and elsewhere. It is 
therefore imperative to know their competitiveness for better management of the 
disease. Although, A2 mating type is demonstrated to be more aggressive (Fry, 1999; 
Gupta, J., 2000), but it needs quantification and validation under near-field conditions. 
Chromosome number is the most accurate measure of ploidy but counting of 
chromosomes in fungi is complex and erroneous because of their smaller size 
(Sansome and Brasier, 1973). Cytophotometry method is useful to detect the ploidy 
status of P. infestans on the basis of DNA content (Therrien et al., 1989; Gupta, H., 
2000). Polyploidy in P. infestans was first reported by Sansome (1977) and reported 
tetraploid condition outside Mexico. Sexually reproducing Mexican P. infestans 
population is diploid (Sansome and Brasier, 1973; Brasier and Sansome, 1975). 
Although, polyploidy in P. infestans has been reported from several countries 
including USA, Peru, Northern Japan, India and European countries (Tooley et al., 
1989; Therrien et ai, 1989; 1993; Whittaker et ai, 1991a; Daggett et ai, 1995; 
Gupta, H., 2000), but its impact on pathogen behavior and epidemiology has not been 
studied at all. Unless these aspects are investigated mere presence/absence of 
polyploids will not convey any message. 
P. infestans is highly variable and changes with a slight change in weather or 
genotype grown. Variations in this fungus have been detected mainly using biological 
markers, viz. physiological races, fungicide resistance, mating types. These biological 
markers are not stable and therefore their use may lead to erroneous results. Keeping 
this in view, molecular markers like RAPD, AFLP, DNA probes etc are now being 
put to use for characterizing the pathogen (Goodwin et ah, 1992a ; 1992b; Van der 
Lee et ai, 1997; Mahuku et al., 2000; Zwankhuizen et al., 2000). In India, P. 
infestans has been characterized by using biological markers and isozymes (Dutt et 
al, 1973; Arora, 1999; Gupta, H., 2000; Gupta, J., 2000). There is still scope for 
further characterization of this important pathogen using more molecular markers. 
The major objective of the present study were to conduct a detailed study on 
(i) P. infestans characterization (ii) Population dynamics (iii) Implication of sexual 
reproduction on pathogen population structure. 
This study would help fill in the critical gaps in our knowledge especially with 
regard to pathogen population structure and its dynamics. To achieve these objectives 
following aspects were studied -
1) Collection and conservation of P. infestans isolates from different agro-
ecological zones of India. 
2) Characterization P. infestans population(s) using RAPDs as marker. 
3) Study population dynamics of P. infestans population using mating types, 
races and ploidy as markers. 
4) Compare aggressiveness of asexual and sexual population. 
5) Study the role of sexual reproduction in generating newer genotypes. 
6) Compare variation in aggressiveness of P. infestans isolates collected over the 
years. 
The results obtained are described and discussed in the following chapters. 
CHAPTER 2 
REVIEW OF 
LITERATURE 
Review of Literature 
The potato originated from Andean region of South America and the Inca 
Indians first cultivated potato in 200 B.C. (Scott, 1976). The Spanish conqueror 
introduced it into Spain from where it spread into Italy and then into central Europe. 
In India potato was, although introduced in 16th or early 17th century from Europe 
(Shekhawat and Naik, 1999), but it was only since the beginning of the last century 
that potato has become an important crop in the country. Now, it covers an area over 
12,08,900 hectare and accounts for 0.65 per cent of total cropped area in India 
(Shekhawat and Naik, 1999). It is grown in almost all the states under varied diverse 
conditions. The total potato production in India is 22.14 million tonnes from an area 
of 1.21 million hectare with an average yield of over 18.3 tonnes/hectare during 2002 
(Khurana et ah, 2003). 
Late blight caused by Phytophthora infestans (Mont.) de Bary is one of the 
most destructive diseases of the cultivated potatoes. This disease first occurred in the 
North-eastern United States in 1843 (Peterson et ai, 1992) and in Europe in 1845 
(Bourke, 1991). Its real impact as a crop plant destroyer was, however, realised when 
staple potato crop was totally armihilated in Ireland during 1845 and 1846. The most 
immediate effect was poverty and starvation, which led to profound socio-economic 
consequences throughout the Europe (Large, 1940; Gregory, 1983; Bourke, 1991). 
Since then several monographs and reviews have been written which have given 
excellent account of pathogen and the disease (Crosier, 1934; Black, 1952; Smith, 
1962; DeWeille, 1964; Hori, 1964; Gallegly, 1978; Erwin et al, 1983; Niederhauser, 
1986; CIP 1989; Lucas et al, 1991; Fry et al, 1993; Erwin and Riberio, 1996; 
Goodwin, 1997; Singh and Shekhawat, 1999. 
2.1 Disease profile in India 
In India, potato is grown under diverse agro-climatic conditions ranging from 
sub-tropical plains to tropical and temperate highlands (Singh and Shekhawat, 1999). 
The disease profile, therefore, varies with the region. Late blight was first recorded in 
the Nilgiri hills (Tropical highland) between 1870 and 1880. In the northern part, it 
appeared for the first time in 1883 in Darjeeling and spread rapidly to adjoining hills 
(Butler, 1903; Dastur, 1917). It was observed in Khasi hills (North-eastern Region) in 
1885, Kumaon hills in 1897 and in Shimla hills (North-western Region) in 1902 
(Butler, 1903; Dastur, 1915). In the sub-tropical plains, late bUght was first observed 
in 1898-1900 in Hoogly district of West Bengal and continued to appear in severe 
form during the following two years (Butler, 1903). Later, it was not observed 
anywhere in the plains for about a decade. During 1913, it appeared at several places 
in Assam and Bihar (Basu, 1913; Dastur, 1917; Dey, 1947; Lai, 1949; Woodhouse 
and Dutt, 1913). In plains of Uttar Pradesh, it was reported for the first time in 1943 in 
Dehradun and Meerut (Lai, 1949). Severe attack of the late bhght was observed in 
Meerut district in 1949, 1950 and 1951 and subsequently in many other districts of 
Uttar Pradesh (Dutt, 1979). In Punjab, the disease occurred armually from 1958 to 
1963 except during 1961 (Srikantaiaya, 1962). Potatoes were growing continuously in 
Mahabaleshwar hills and other parts of Maharashtra but late blight was observed there 
only in 1973 (Kadam et ai, 1974). In Gujarat and Madhya Pradesh, the disease was 
observed in traces in 1968 and in Rajasthan in 1958 (Dutt, 1979). 
2.2 Crop losses 
Late blight is a highly destructive and explosive disease, and has a potential to 
annihilate the entire crop within a weeks time. For this reason, potato growers feel 
more concerned about this disease throughout the world. Despite all out efforts 
directed towards its management, the disease keeps causing serious crop losses 
regularly in hills and intermittently in the plains. Monetary losses of more than US 
$200 millions to potato and tomato in United States due to late blight was estimated 
during 1994, of which, crop losses accounted to US $100 miUions and US $100 
millions were spent on control of the disease (Fry and Goodwin, 1995). The disease is 
responsible for US $3 billions annual loss to potato in developing countries alone 
(Duncan, 1999). Region-wise economic importance of late blight assembled in a 
database at CIP (CIP, 1997) showed that the disease had its highest toll on potato in 
Sub-Saharan Africa (44% crop losses), followed by Latin America (36%) and 
Caribbean (36%) Southeast Asia (35%), Southwest Asia (19%), and Middle East and 
North Africa (9%). 
In India, crop losses range between 21-74%) in Shimla hills, 11-38% in 
Mukteshwar hills, 33-65% in Darjeeling hills and 32-39% in Ooty hills. Losses have 
gone further high during the last few years in sub-tropical plains. During 1997-98 
disease severity in Punjab, Haryana and Uttar Pradesh was very high, being 100% in 
susceptible cultivars and 15-40% in resistant ones. In Bihar disease severity varied 
from 70-100%, upto 90% in Assam and 75% in Madhya Pradesh. Crop losses in West 
Bengal were estimated upto 80% due to this disease (CPRI, 1999). 
2.3 The centre of origin 
Central Mexico is considered the centre of origin of Phytophthora infestans 
where it co-evolved with potato. This fungus requires two distinct mating types, 
designated as Ai and A2 mating type, for sexual reproduction. These two mating types 
were known to occur in equal proportion in Central Mexico (Niederhauser, 1956). At 
rest of the places in the world only Ai mating type existed. Till early 1980's because 
of existence of two mating types in equal proportion sexual reproduction was 
restricted to Central Mexico only. This fact has been corroborated by existence of 
large number of distinct genotypes in the region (Goodwin et al., 1992a; Fry et ai, 
1993). Presence of higher genetic diversity for virulence loci and allozyme tend to 
suggest that P. infestans has its origin in Central Highlands of Mexico (Niederhauser 
et al, 1954; Mills and Niederhauser, 1953; Graham et al, 1959; Tooley et al, 1986). 
P. infestans had spread across the globe through a series of migrations from 
the centre of its origin. The first reported escape of P. infestans from Mexico occurred 
in 1843, two years later, the pathogen had reached Europe and from there it has 
probably been distributed to the rest of the world via South America, Africa, The 
Middle East and East Asia via the international trade in seed potatoes (Fry et al, 
1993). This was the first global migration recorded in the history. 
A second migration was first observed in 1984, with the discovery of the A2 
mating type in Switzerland (Hohl and Iselin, 1984). New isozyme genotypes were 
also detected in the Netherlands and Eastern Germany as early as 1980 (Dagget et al, 
1993; Drenth et al, 1994). Later, these genotypes spread throughout Europe (Shattock 
et al, 1990; Fry et al, 1991; Drenth et al, 1993b; Stevens, 1933; Tooley et al, 1993; 
Andrivon et al, 1994; Goodwin et al, 1994), Middle East (Goodwin et al, 1994), 
Africa (Goodwin et al, 1994) and South America (Fry et al, 1993). Spielman et al 
(1991) also reported second worldwide migration and demonstrated major genetic 
changes in P. infestans population in the Netherlands, Poland and the British Isles. It 
now appears that new population had been introduced at several locations. 
A third migration of P. infestans out of Mexico appears to have occurred 
during the early 1980s, this time from North-western Mexico into the United States 
(Goodwin et al, 1994). Evidence for this is less certain than for the previous two 
migrations. Late blight epidemics occurred in Southern California on potato and 
tomato crops in 1979 after a lapse of 32 years (Vartanian and Endo, 1985a; 1985b). 
One isolate from California in 1982 had the US-6 genotype (Ai, metalaxyl resistant), 
which had not been detected previously in the United States (Goodwin et al., 1994). 
However, US-6 was by far the most common genotype in North-western Mexico in 
1989 (Goodwin et al., 1995a). All US-6 isolates tested so far infected both potato and 
tomato, whereas most US-1 (Ai, metalaxyl sensitive) isolates infected only potato 
(Goodwin et al., 1995b). The reappearance of blight epidemics on potato and tomato 
after 32 years, coupled with the recovery of unknown US-6 genotype, which is highly 
pathogenic to both potato and tomato crops, provides strong circumstantial evidence 
that these epidemics were caused by migration of new genotypes, probably from 
north-western Mexico. 
The fourth migration from north western Mexico into the United States and 
Canada in early 1992 brought two new genotypes of A2 mating type, US-7 and US-8 
into the United States in early 1992 (Goodwin et al., 1995a), which were highly 
resistant to metalaxyl (Goodwin et al., 1996). Both genotypes had spread throughout 
the United States and into Canada by 1994 (Goodwin and Fry, 1994; Fry and 
Goodwin, 1997). 
Evidence of latest migrations of P. infestans from Mexico into Asia (Koh et 
al., 1994) are also available. One of the clones in Asia (JP-1) is quite different from 
genotypes in other areas (Goodwin et al., 1994) and might have been originated from 
a separate introduction. Similarly, isolates representing single clones have unusual 
genotypes in Australia, Bolivia, Brazil and Costa Rica, which were probably not 
introduced during any of the four known migrations (Goodwin et al., 1992a). Detailed 
studies on population structure of P. infestans in India and its comparison with P. 
infestans population of rest of the world have not been carried out. However, 
detection of A2 mating type in 1986 (CPRI, 1987) tend to suggest that A2 mating type 
was introduced in India during the course of 2" migration. 
2,4 Mating types 
The subject of mating types in P. infestans has been extensively reviewed ever 
since 2"'^  migration of P. infestans from Europe (Hohl and Iselin, 1984; Malcolmson, 
1985; Schober and Rullich, 1986; Tantius et al, 1986). Subsequently, it was recorded 
from Asia (Shaw et al., 1985; Grinberger et al, 1989; Mosa et al, 1989; Singh et al, 
1994; Ahmad and Mirza, 1995; Zhiming et al, 1996), USA (Deahl et al, 1991; 
1995), South America (Brommonschenkel, 1988; Nustez, 1999), Canada (Deahl et al, 
1991) and Africa (Goodwin and Fry, 1991; Fry et al, 1992; Sengooba and Hakiza, 
1999). The new strain of A2 mating type has spread almost to all the continents/potato 
growing regions except few places in South America (Chile, Columbia, Venezuela, 
Peru) where A2 mating type is yet to be identified (Adler et al, 2002). 
The population structure of P. infestans has undergone a sea change over the 
years in most of the regions. A2 mating type has shown remarkable competitiveness 
ability over the old strains (Ai mating type) and surged ahead over it in most of the 
regions. Japan (Mosa et al, 1989), Canada (Chycoski and Punja, 1996), Central 
Mexico (Dehal et al, 1995), Wisconsin (Marshall-Farar et al, 1998), Hungry 
(Bakonyi et al, 2002b), Morocco (Sedegui et al, 2000, Hammi et al, 2002), Israel 
(Grinberger et al, 1989), Korea and Indonesia (Nishimura et al, 1999). However, Ai 
population is still dominating over A2 mating type in Poland (Zarzycka and 
Sobkowiak, 1997; Bartkowiak and Weber, 2000), China (Zhiming et al, 1996; Jie 
Hua et al, 2000, Wang-Wen Qiao et al, 2002), Italy (Cristinzio and Testa, 1997), 
Finland and Norway (Hermansen et al, 2000), Nepal (Ghimire et al, 2001b), 
10 
Belgium (Bakonyi et al, 2002a), Switzerland and France (Knapova and Gisi, 2002 
and Egypt (Shaat, 2002). 
In India the frequency of two mating types differed from region to region. A2 
mating type was dominant in temperate highlands where its frequency varied from 60-
82% whereas in plains the frequency of the two mating types varied with the region 
(Gupta, J., 2000). It also kept fluctuating from one crop season to another indicating 
that the pathogen population has not yet stabilized. In places like Meerut (UP), 
Jalandhar (Punjab) and Patna (Bihar) A2 mating type was almost in equal proportion 
but there are still place viz. Pantnagar (Uttranchal) where A2 is yet to be detected. 
2.5 Aggressiveness/competitiveness of Ai and A2 mating types 
Many studies have documented differential aggressiveness among the isolates 
of P. infestans. Castronovo et al. (1954) reported variation in infectivity, incubation 
period and sporulation among P. infestans isolates. Similarly, PCnutson and Eide 
(1961) observed variation in infectivity among the isolates of different races. Inter 
regional variation of all components of aggressiveness were observed by Flier and 
Turkensteen (1999) in P. infestans population collected from three potato growing 
regions in Netherlands. Carlisle et al. (2002) reported significant interaction between 
isolates and cultivars. Highly significant variation was found between the isolates 
whereas, no single isolate proved aggressive across cultvars for latent period, 
infection frequency, area under the lesion expansion curve (AULEC) and sporulation 
capacity. Kato et al. (1997) demonstrated that US-7 and US-8 isolates had shorter 
latent period than the US-1 isolates and US-8 isolates produced larger lesions and 
more sporangia than US-1 isolates. Similar observations were made by Lambert and 
Currier (1997) when isolates from above US genotypes were tested on tubers. Miller 
et al. (1998) also reported significant variation for components of aggressiveness 
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among the isolates classified according to genotypes. They reported that US-8 (A2 
mating type) had higher AULEC score indicating higher aggressiveness than that of 
US-7 (A2), US-6 (Ai) and US-1 (Ai) genotypes. Differences in some fitness 
components were also detected between old and new genotypes in the United States 
by Kato and Fry (1995). While studying P. infestans population in Canada, Peters et 
al. (1999) observed that most of the isolates of recently introduced genotypes US-7 
and US-8 were more aggressive than the old genotypes. They further reported 
variation in the aggressiveness of the isolates within the new population. While 
reviewing the overall impact of old and new population on late blight situation, Fry 
(1999) stated that the new strains are a greater threat to potato production than the 
previously dominant population. 
Tooley et al. (1986) analyzed fitness and virulence of P. infestans isolates 
from sexual and asexual populations on detached leaves. They observed that the 
lesions were larger for isolates from sexual than asexual population. No significant 
differences in sporulation capacity were observed, nor were isolates from one 
population were more fit than those from the other one on the basis of the composite 
fitness index. The number of virulence factors per isolates was not significantly 
corrected with the fitness of isolates. 
There is an overwhelming opinion which tend to suggest that the new 
population is more aggressive than the old one (Day and Shattock, 1997; Gupta, J., 
2000), so much so that either it has displaced or is at the verge of displacing it in 
several locations (Grinberger et al, 1989; Fry et al, 1993; Chycoski and Punja, 1996; 
Fry and Goodwin, 1997; Forbes et al, 1998; Marshall-Farrar et al, 1998). The Clonal 
lineage (US-1) that dominated until recently is thought to have been asexual for 150 
years (Goodwin et al, 1994). There have been repeated demonstrations that this 
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lineage is less aggressive than the recently introduced strains (Day and Shattock, 
1997; Kato et al, 1997; Lambert and Currier, 1997; Miller et al, 1998). Sujkowski et 
al. (1992) also reported displacement of old genotypes (86/100 for Gpi\ 92/100 for 
Peptidase, Ai mating type) by a diverse collection of isolates i.e. new genotypes, in 
Poland. Frequency of A2 mating type tended to vary over the year, location and/or 
crop season. A2 mating type occurred at a higher proportion throughout the season in 
Western Canada during 1993 and 1994. However, in 1995, it was rarely recovered 
and Al mating type predominated. In eastern Canada, the Ai mating type was 
recovered at a higher frequency than the A2 mating type in July 1994 but most 
collections later were of mixed mating types (Chycoski and Punja, 1996). Analysis of 
Canadian population in 1997 revealed that only 8% isolates were A] and 92% were A2 
mating type (Daayf and Piatt, 1999). A2 mating type population has also increased 
very fast in Wisconsin, USA during the last few years. Its frequency was 20% in 
1993, which increased to 74% in 1994 and to 89%) in 1995 (Marshall-Farar et al, 
1998). 
Chycoski and Punja (1996) reported complete displacement of A] mating type 
by A2 mating type. Contrary to this, build up of A2 mating type in most of the 
European countries including UK, Germany, France, the Netherlands and Ireland has 
been slow (Therrien et al, 1989; Gotz, 1991; O'sullivan and Dowley, 1991; Andrivion 
et al, 1994; Day and Shattock, 1997). Gupta, J. (2000) studied competitiveness of the 
two mating types on detached leaves by using the mixed inoculation technique. The 
results revealed that by 13^ ^ clonal generation frequency of A2 mating type increased 
to 82%i and by 27' clonal generation Ai mating type was altogether displaced. 
Gupta et al. (2003) carried out a detailed study on comparative aggressiveness 
on Al and A2 mating types using different host background. They concluded that A2 
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mating type was significantly more aggressive than the Ai mating type on detached 
leaves. However, no significant differences were noticed over cultivars. Inter-strainal 
variations were also recorded within isolates of the same mating type. Singh (2002) 
also observed similar trend except that in some cases aggressiveness varied with host 
background. They found that aggressiveness of Ai mating type was better on 
seedlings belonging to ten cross combinations whereas aggressiveness of A] mating 
type was superior in case of six cross combinations. In general, aggressiveness of 
mixture of Ai and A2 mating types was better over A1/A2 mating type alone. 
The aggressiveness of P. infestans is moderated by several factors out of 
which temperature and humidity are most important. Mizubuti and Fry (1998) 
observed the new lineages US-7 and US-8 (A2 mating type) to be more aggressive 
than old lineages (Ai mating type) over varying temperature regimes. Gupta and 
Singh (2002) based on series of experiments concluded that aggressiveness of A2 
mating type isolates was comparatively more than the Ai mating type isolates at all 
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the temperature regimes (15, 18, 21 C) but, the differences were non significant. 
Similarly, A2 mating type scored over A] mating type at both the humidity regimes 
(85% and 100%) as well as on all the cultivars tested. 
In India occurrence of A2 mating type was monitored on a regular basis since 
1990. It was first reported from Shimla hills in 1990 (Singh et al, 1994) and since 
then its population is on the rise. Within two years, its population increased to 36% 
and by 1995 to 93%. Thereafter it showed slight decline (CPRI, 2001-2002). Similar 
observations were made for Meghalaya and Darjeeling district of West Bengal where 
population of A2 mating type was as high as 42%o in 1990. Since then, its frequency 
was on the rise being, 60% and 75% in 1991 and 1992, respectively. Since then its 
frequency keeps fluctuating between 54-72%. Introduction of A2 mating type and its 
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subsequent buildup in subtropical plains was slow. Till 1996, only Ai mating type 
was recorded from states like Punjab, Uttar Pradesh and Bihar. It was surprising to 
note that the population of A2 mating type at all these places was quite high (up to 
48%) at the time of its detection. During 2001, frequency of A2 mating type ranged 
between 23-38% in subtropical plains (CPRI, 2001-2002). 
2.6 Ploidy status 
Polyploidy is known to play an important role in the evolution of higher plants 
and animals (Stebbins, 1971; Lewis, 1980). Its role in the evolution of fungi has been 
emphasized by Maniotis (1980), although many researchers have not considered 
polyploidy as important mechanism in fungal evolution (Burnett, 1975; Ullrich and 
Raper, 1977). Polyploidy in P. infestans was first reported by Sansome (1977). She 
reported tetraploid condition outside Mexico. Sexually reproducing Mexican P. 
infestans isolates were diploid (Brasier and Sansome, 1975; Sansome and Brasier, 
1973). The non-Mexican group of isolates from US and Europe were diploids, 
triploids, tetraploids and aneuploids. Tooley and Therrien (1987) analyzed the nuclear 
DNA content of 23 Mexican and 18 non-Mexican isolates and found that all except 
one of the Mexican isolates of P. infestans were diploids, which may be due to the 
presence of Ai and A2 mating types within Mexican population and the absence of A2 
mating type in the non-Mexican isolates. Out of 21 Ai isolates from Peru, two were 
diploids, three triploids and sixteen tetraploids (Tooley et al., 1989). Therrien et al. 
(1989) analyzed 20 isolates prior to 1987 and 55 isolates collected during 1987 from 
the Netherlands. Seven of the twelve pre-1987 A2 mating type were found diploids 
and five were either tetraploids or diploid heterokaryons. Out of 16 pre-1987 Ai 
isolates, five were diploids, two were triploids and eight were tetraploids and one was 
diploid-polyploid heterokaryons. Analysis of Ai isolates collected during 1987 
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indicated that 38 were tetraploids, five were triploids and two were diploids and of the 
A2 isolates, seven were tetraploids, one was triploid and two were diploids. 
Polyploidy was also reported in Northern Japan by Therrien et al. (1990), who 
hypothesized that polyploidy may act as a barrier to sexual reproduction in nature and 
asexual reproduction only might be possible. Asexual population are predominantly 
polyploid (Tooley and Therrien, 1991^, which continue to predominate in European 
population (Therrien et al., 1993; Whittaker et al, 1991a). 
In India, polyploids consisting of diploids, triploids and tetraploids were 
reported by Gupta, H. (2000). She studied 49 P. infestans isolates of different regions. 
In Himachal Pradesh hill, frequency of triploids (43.2%) were highest followed by 
diploids (38.2%) and tetraploids (18.61%)). Whereas in Indo-gangetic plains and 
North-eastern hills frequency of diploids were highest (50.0%) and 60.6%, 
respectively). Tetraploids were missing in North-eastern Hills whereas in the plains, 
they were detected in low frequency (12.5%). Based on several crosses involving 
different polyploids, she opined that ploidy acts as barrier to sexual reproduction and 
might favour asexual reproduction over sexual reproduction. 
She also evaluated different polyploids for their comparative aggressiveness 
using detached leaves. The results tend to suggest that diploids were comparatively 
more aggressive than triploids and tetraploids. 
Recombination between the old and new populations may have been hindered 
by ploidy differences: the old population was predominantly triploid and tetraploid 
(Tooley and Therrien, 1987 and Tooley et al, 1989) whereas the new population was 
predominantly diploid (Daggett et al, 1993 and Tooley et al, 1993). 
When isolates of P. infestans with 2Cx4C and 4Cx4C (arbitrary DNA values) 
were crossed, the germination percentage of the resultant oospores was lower in 
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progeny than from 2Cx2C crosses. Isozymes analysis of progeny from the 2Cx2C 
crosses showed that most of the progenies from germinated oospores were hybrids. 
The proportion of progeny that were selfs was higher in the 2Cx4C crosses, however 
hybrid progeny from the 2Cx2C crosses were all 2C but those from 2Cx4C crosses 
ranged from 2C to 3C and progenies from the 4Cx4C crosses included both 2C and 
4C characteristics. Although 2C and 4C isolates can be crossed and produce 
germinating progeny, it is still not understood what impact this will have on the 
estabhshment of such progeny in the field (Whittaker et al., 1991b). 
2.7 Races 
Information on prevalence and frequency of virulence phenotypes (races) 
especially in new P. infestans population is of paramount importance for carrying out 
any meaningful resistance breeding programme. Host resistance exerts direct selection 
pressure and leads to formation of new matching virulences. Schick (1932) for the 
first time reported evolution of new races in P. infestans in Germany as a result of 
deployment of cultivars having R-genes. Since then new virulences have been 
detected across the globe (Black et al, 1953; Doling, 1956; Eide et al, 1959; Gallegly 
and Eichenmuller, 1959; Black and Malcolmson, 1965; Malcolmson, 1969; Papkova 
and Borisenok, 1969; Mooi, 1972; Dutt et al, 1973). Initially, race 0 was most 
common in most of the regions until 1950's (Black et al., 1953; Dutt et al, 1973). 
Later, it was replaced by race 4 (Shattock et al, 1911 \ Singh and Shekhawat, 1999). 
Complex races such as 1.2, 1.4, 1.2.4, 2.3.4, 1.2.3.4 and 3.4 were also detected, in 
some surveys although their frequencies were low (Graham et al, 1959; Shrestha, 
1977; Dutt et al, 1973, Bhattacharya et al, 1982). Race structure both, for old and 
new populations, is now available for most countries including developing ones 
(Andrivion, 1994; Malcolmson, 1969; Shattock et al, 1977; Chumakova et al, 1977, 
17 
1981; Pietkiewicz, 1978; Petrikeeva, 1981; Rullich and Schober, 1988; Schober and 
Turkensteen, 1992; Rivera-Pena, 1990; Goodwin et al., 1995b; Peters et al, 1998; 
Ghimire et al, 2001a; Huang et al, 1981; Li, 1988; Zhang and Song, 1993; Ali and 
Day, 1999). 
Racial complexity has increased in most of the countries over the years 
Currently, complex races are more frequent than the simple ones (Cristinzio et al, 
1998; Derie and Inglis, 2001; Dorrance et al, 1999), although simple races are also 
known to occur in few regions (Doling, 1956; Gallegly and EichenmuUer, 1959; Dutt 
et al, 1973; Petrikeeva, 1976). 
Development of new virulences in P. infestans in absence of the sexual stage 
has been ascribed to i) Mutation followed by selection ii) Mitotic crossing over and 
iii) Somatic recombination (Shaw, 1983a). When two races are mixed the resultant 
somatic recombinant race possesses the virulence genes of both the parents (CPRI, 
1985; Leach and Rich, 1969; Malcolmson, 1970). Black (1952) inoculated Craigs 
royal with a mixture of equal quantities of sporangia of races 0.4; 1.4; 2.4; 1.3 and 
1.3.4. The resultant sporangia were collected and reinoculated. Results revealed that 
the population changed with time, several races were lost and race 0.4 and race 2.4 
continued to sporulate freely indicating that races 0.4 and 2.4 were more fit than 
others. Gallegly and EichenmuUer (1959) demonstrated that race 4 could arise from 
every race which they develop from single zoospores isolation. They postulated that 
the occurrence of race 4 character was as a result of mutations. Vegetative hybridity 
in P. infestans was also demonstrated by Malcolmson (1970) who recorded 
development of new complex races from mixed inoculations. Shattock (1976) studied 
development of new races from a single race under closed environment (polytunnels). 
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He detected 5 new races viz. 4, 2.3.4.10, 3.4, 3.4.11, 2.3.4.10.11 from the parent race 
3.4.10.11 over a period of time. 
In India monitoring for prevalence of physiological races in different parts of 
the country has been carried out since 1958 and a body of data has been generated 
which had been reviewed by Singh and Shekhawat (1999). Initially, only race 0 and 4 
were predominant which were later replaced by 1-3 gene complex races in mid 60's. 
Five gene complex races started appearing in 1975 and by 1985 only complex races 
comprising of 5 to 11 genes were dominating. Recent surveys carried out by Gupta, 
H. (2000) revealed that simple races (1-3 genes) have again started appearing in hilly 
regions although, their frequency was low. 
2.8 Sexuality and its impact on variability in P. infestans 
P. infestans is hetrothallic in nature and requires two distinct mating types, Ai 
and A2, for sexual reproduction. Prior to 1984 (Hohl and Iselin, 1984) only Ai mating 
type was known to occur throughout the world, except Mexico, where both Ai and A2 
mating types occurred in equal proportion (Gallegly and Galindo, 1958). As a result 
of series of migrations in 70's and late 80's, the A2 mating type got introduced to 
almost all the potato growing regions of the world mainly through trade in seed 
potatoes (Fry et ai, 1993). This provided a direct access/physical contact to both the 
mating types during the process of infection in the field. Depending upon the 
envirormiental conditions and proportions of the coexistence of two mating types P. 
infestans reproduced sexually resulting in the formation of thick walled oospores 
which were likely to serve as new source of inoculum and vehicles of change in 
pathogen population (Perches and Galindo, 1969; Schober and Schiff, 1990; Pittis and 
Shattock, 1994; Drenth et ai, 1995; Stromeberger et ai, 1999; Zwankhuizen, 1998; 
Gupta, J., 2000). This issue had been recently reviewed by Flier et al. (2002) who had 
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recorded evidence of production of oospores under field conditions in the 
Netherlands. There were evidences which tend to suggest that P. infestans is able to 
produce oospores in many countries, including India. The resultant thick walled 
oospores had been reported to survive upto 4 years, and at most of the places, upto the 
next crop season (Niederhauser, 1991; Turkensteen et ai, 2000) thereby serving as 
the primary source of the disease. 
Although cultural and pathogenic variations had been recorded in asexual 
population(s) of P. infestans (Graham, 1955; Caten and Jinks, 1968; Caten, 1970) but, 
by and large, asexual population was considered to be stable. On the other hand, 
sexual population because of crossing over and recombination was expected to be 
more variable (Covers et ai, 1997). 
2.8.1 Inheritance of the mating types 
Mating type is a simple character to determine but its genetic basis is 
unclear. Equal ratios of Ai and A2 have been observed among Fj progeny of P. 
infestans (Gallegly and Galindo, 1958; Shaw et ai, 1985) and in collection of 
field isolates from Mexico (Gallegly and Galindo, 1958; Tooley et ai, 1985). 
These findings have led to the proposal that Ai type is homozygous recessive 
and A2 is heterozygous (Shattock et al., 1987; Mortimer et al., 1977; Sansome, 
1980). It is not uncommon, however, for a large excess of one mating type to 
be observed among sexual progeny. Castro and Zentmyer (1968); Mosa et al. 
(1993); Romero and Erwin (1969); Shattock et al. (1986) and Mayton et al. 
(2000) reported the ratio of Ai and A2 approximately in 2:1 proportion. 
However in one cross Shattock et al. (1986) found Ai: A2 in 1:3 ratio. Romero 
and Erwin (1969) on the other hand observed Ai:A2 in 1:2 proportion. They 
also recorded only Ai mating type in its progeny in one cross. Similar trend in 
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inheritance of the two mating types has been recorded from other species of 
Phytophthora (Timmer et al., 1970; Khaki and Shaw, 1974). Eamshaw and 
Shattock (2002) reported the ratio of Ai and Ai approximately l:land 4:1, 
respectively and few self fertile isolates from a cross of a single A2 and two Ai 
parental isolates. The occurrence of self-fertile strains among individual 
progenies add further complication to interpreting the genetic basis of mating 
types. Self fertile isolates exists not only among individual progenies 
(Shattock et al, 1986; Shattock, 1988) but also among wild type isolates in 
Mexico (Ko, 1994). Southern California (Vartanian and Endo, 1985a; Ahmad 
et al, 2002) and the UK (Shaw, 1987). 
Shaw (1983a; 1983b) discussed in details how retention of the 
heterozygosity of the translocation could promote varying ratios of Ai and A2 
types depending on the relative sexual strength of the parents. The high 
proportion of self fertile isolates among Fi progeny (Shattock et al, 1986; 
Shattock, 1988) and among back cross progeny (Shattock et al, 1987) 
supports the hypothesis proposed by Shaw (1983a) that when the four 
chromosomes of the translocation complex associate at meiosis, both 
unbalanced disomic and balanced monosomic meiotic products would result. 
Fusion between these two types of gametes would automatically produce a 
trisomic zygote. Instability of self fertile isolates of heterothaUic species of 
Phytophthora, may be due to meiotic crossing over with a disomic 
translocation complex, which would produce imbalanced products (Sansome, 
1980; Shaw, 1983a). Alternatively post meiotic segregation involving the loss 
of whole chromosomes could account for the appearance of self sterile sectors 
among previously self fertile cultures. 
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2.8.2 Inheritance of races 
Some new immigrant genotypes or recombinant progeny from 
oospores may have higher pathogenic fitness than old genotypes (Day and 
Shattock, 1997; Kato et al., 1997). Romero and Erwin (1969) detected the 
recombination of factors for virulence in the Fi progeny. They crossed an Ai 
race 1.2.3.4 (multiple genes for virulence) with A2 race 0 which yielded single 
oospore progeny that were race 1, race 2, race 1.3, race 2.3.4. Similar 
phenomenon was reported by Gallegly (1968, 1970) and Laviola and Gallegly 
(1983). Oospore from a cross of race 1.2 and race 3 gave race 0, crossing of 
race 1.2 and race 1.4 gave race 1.4 with a different colony type (Smoot et al., 
1958). Niederhauser (1959) using germinated oospores of race 1 and race 1.4 
as inoculum to produce lesions on potato leaves detected a new races 0,1, 1.4, 
2.4 and 1.2.3.4. in the resultant progeny. Several studies on the genetic control 
of virulence in P. infestans have demonstrated segregation of virulence 
phenotypes in Fi progeny (Le Grand-Pemot, 1988; Romero and Erwin, 1969; 
Romero, 1972). Al-Kherb et al. (1988) observed segregation, which suggested 
single locus control of virulence against potato genes Rl, R2, R3 and R4 with 
avirulence dominant. However, Spielman et al. (1989) indicated that more 
than one locus may be involved in the control of virulence against R2, R3 and 
R4 and that virulence against R2 and R4 is conferred by dominant alleles. 
Similar results were obtained by Sweigard et al. (1987) when Ai P. m/gstans 
avirulent on potato cultivar with R2 and R4 resistance genes was crossed with 
A2 virulent on same cultivar. Later on Spielman et al. (1990) suggested that 
virulence against R2 is controlled by a single locus, while virulence against R4 
may be determined at one or two loci. 
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2.9 Molecular characterization 
The tools for genomic analysis at the molecular level have helped plant 
pathologists in many ways, which include precise diagnosis of related plant pathogens 
and understanding of the population structure and genetics of the pathogen (Covers et 
al, 1997; Fry, 2001). The markers available for P. infestans can be classified in three 
categories: i) Biological markers ii) cytoplasmic markers and iii) neutral markers. 
Biological markers include mating types, fungicide resistance and virulence. 
Some of them have been discussed earlier in greater details. 
Cytoplasmic markers are mitochondrial DNA (mt-DNA) and double stranded 
RNA (ds-RNA). They are very useful to determine a global movement of plant 
pathogens to infer phylogenetic relationships among different Phytophthom species 
and to follow anastomosis and cytoplasmic inheritance. The number of 
polymorphisms for mt-DNA and ds-RNA in P. infestans is rather limited, since they 
are transmitted without recombination from parent to progeny and therefore cannot 
reflect the true diversity in a population (Covers et al., 1997). 
Neutral markers on the other hand are highly reliable for cataloguing 
variability in the plant pathogens since they are not related to biologically important 
characteristics. They can be subdivided into two categories i) AUozyme markers ii) 
Polymorphic DNA markers. 
Out of several enzymes only two of them viz. Gpi and Pep showed 
polymorphism in P. infestans which have been used extensively world over for 
cataloguing variabihty in P. infestans (Tooley et al., 1985; Spilman et al., 1990). A 
number of different techniques are currently being used to detect DNA 
polymorphism. Use of repetitive DNA probes or short oligonulcleotide repeats is one 
of them. RG-57 which is moderately repetitively DNA probe has been used 
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extensively to characterize P. infestans population across the globe (Goodwin et al., 
1992a; 1992b; Fry et al, 1993; Drenth et al, 1994; Goodwin, 1997; Forbes et al, 
1997; Zwankhuizen et al, 2000; Perez et ah, 2001). However, resolution power of 
these RG-57 repetitive probes is not very strong. Purvis et al. (2002) used AFLPs 
(Amplified Fragment Length Polymorphisms) to increase marker resolution as a result 
of which certain isolates which has the same RG-57 fingerprint could be resolved into 
distinct isolates based on AFLP fingerprints. Similarly, some isolates with distinct 
RG-57 may have identical AFLP fingerprints. Use of fingerprinting profiles (RG-57) 
along with allozymes have allowed clonal lineages to be clearly defined in asexual 
population, but in populations with higher diversity, markers allowing higher 
resolutions are needed to improve diagnosis. Wattier et al. (2002) opined that single 
locus, co-dominant markers had advantages over dominant multilocus RFLP and 
AFLP markers because each allele of the marker can be detected and data on 
frequency of various homozygotes and hetrozygotes can be used to characterize the 
breeding system. 
A range of new co-dominant markers are becoming increasing available which 
include micro-satellite, single nucleotide polymorphisms (SNP) and other sequence 
polymorphism detected by PCR and restriction enzymes or by the single stranded 
conformational polymorphism (SSCP) method (Knapova et al, 2001). 
RAPDs are another set of molecular marker which require no cloning and only 
very small amount of crude DNA is required. They are easier to conduct than methods 
based on hybridization of DNA probes to southern blots. 
RAPD fingerprinting can be faster than RFLP analysis (Williams et al, 1990). 
However, genetic interpretation is more difficult than with RFLP because non-
amplification can result from base pair substitution at any of the twenty different 
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nucleotides complementary to the primers at the end of the amplified fragment. In this 
case, all the possible base pairs substitutions are lumped into the same category 
(which is treated as an allele) as a non-amplified fragment. 
Goodwin et al. (1992a; 1992b) started to characterisation of P. infestans 
population by using RG-7 and RG-57 probes. Lilja et al. (1998) reported variation 
among P. cactorum isolates, fi-om Betula pendula seedlings or from strawberry plants. 
Isolates those from Betula pendula had different banding pattern than those from 
strawberries. UPGMA analysis clustered isolates from Betula pendula and strawberry 
plants into separate groups. Tyler et al. (1995) showed that Fi hybrids from crosses of 
P. sojoe isolates (P6497, P7064, P7076) were identified by random amphfied 
polymorphic DNA (RAPD) markers specific for each parent. The hybrid nature of the 
progeny was confirmed by RFLP analysis. Selected F] progeny were selfed to 
produce F2 progeny. RAPD and RFLP markers segregated in regular Mendelian 
fashion among 1 set of F2 progeny (from P6497 x 7064), but bias in the transmission 
of markers was observed among F2 progeny from the second cross (P6497 x 7076). 
Meng et al. (1999) obtained DNA of P. sojae collected from soil samples and 
diseased soyabean plants firom Illinois, Indiana, Iowa and Minnesota in 1994 and 
1995 and amplified it with 16 operon decanucleotide primers. Twenty-three of 75 
amplified fragments were polymorphic. Based on the 23 RAPD markers, a 
dendogram depicting the relatedness of the isolates was constructed using UPGMA. 
The P. sojae isolates clustered into 4 distinct groups. The isolates of races 3, 4 and 25 
clustered into group I. The isolates of races 1, 8 and 13 clustered into group II. The 
isolates of race 5 clustered into group III and the isolates of races 7 clustered into 
group IV. Genetic diversity was detected among isolates of races 1,3,4,5,7 and 25 but 
not among isolates of races 8 and 13. Zhang et al. (2000) reported genomic 
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fingerprints of 33 strains of Phytophthora parasitica var. nicotinae [P. nicotinae var 
nicotianae] from different tobacco cultivation areas in Yunnan, China using 21 RAPD 
primers. The genetic distance and the genetic relationship of the accessions were 
reconstructed using UPGMA (unweighted paired group method with arithmetic 
averages) cluster analysis. The result of the random amplified polymorphic DNA 
fingerprints showed the polymorphism among different strains. The study confirmed 
that the genetic relationships of all the strains were very close and that the 
polymorphism of the strains was not obviously related to their localities, hosts, 
altitude and soil type. Zheng and Ward (1998) studied variation among 39 isolates of 
Phytophthora of six morphological species (P. citrophthora, P. [nicotiana var] 
parasitica, P. capsici, P. Palmivora and P. meadii) from rubber and citrus trees and P. 
colocasiae from Taro using RAPD analysis. The results revealed that the banding 
pattern were similar in species but no one primer was able to distinguish all six 
species from another. Cluster analysis on pooled data from all the primers gave six 
groups of isolates corresponding to the six morphological species. The groups 
corresponding to P. citrophthora was divided further into subgroups that were related 
to the host species and geographical location. This work confirmed the existing 
morphological classification of Phytophthora isolates from rubber and citrus trees in 
tropical China and showed the validity of using RAPDs to study the taxonomy of 
Phytophthora. Elena and Paplomatas (1999) while studying relatedness between P. 
citrophthora and P. palmivora or P. nicotianae concluded that it was not possible to 
differentiate Phytophthora pear isolates using isozyme profiles of alpha esterase or 
lactate dehydrogenase. However, RAPD profiles with one selected primer 
differentiated the pear isolates from other species and revealed an electrophoretic 
banding pattern similar to a P. citrophthora standard. RAPDs have also been 
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successfully used to study the genetic diversity and structuring among isolate of P. 
megakarya in African countries. Resolution of RAPD was superior than isozyme 
markers (Nyasse et al., 1999). Liew and Erwin (1994) used RAPD analysis of total 
DNA and found 80% genetic dissimilarity within the complex species of P. 
megasperma from chickpea in Spain and chickpea and lucerne in Australia. Later on, 
Cooke et al. (1996) recorded intraspecific variation between the Phytophthora species 
by using random tenmer primers OPK-2, OPK-11, OPK-14, OPK-19, OPK-20. P. 
iranica and P. clandestina showed a very little similarity with other Phytophthora 
species viz. P. pseudotsugae, P. cactorum and P. idaei. Similarly, Linde et al. (1999) 
employed RAPD to study phenotypic diversity. They observed very low level of 
phenotypic/genotypic diversity, high clonality and low observed and expected level of 
heterozygosity. 
Darmono (1997) employed RAPDs to study genetic integrity in P. palmivora 
associated with black cocoa pod disease in Indonesia. Resuhs revealed that P. 
palmivora consisted of single genetic background. P. palmivora from coconut was not 
pathogenic on cocoa pod, and it might represent a different strain. Goodwin et al. 
(1999) also studied gene flow between P. infestans and P. mirabilis using various 
molecular markers including RAPDs. They concluded that the host specificity 
apparently functions as an effective pre-and post-mating reproductive isolating 
mechanism in nature. Gene flow analysis suggested that these 2 taxa are as 
reproductively isolated from each other as they are from the other 4 species in 
Phytophthora group IV. There were 26 fixed differences between P. infestans and P. 
mirabilis that only could have developed in the absence of gene flow. Attempts to 
obtain F2 progeny from Fi interspecific hybrids failed, suggesting the existence of 
genetic mechanism of reproductive isolation in addition to host specificity. Chang et 
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al. (1996) examined Taiwanese isolates of P. cinnamomi for genetic diversity by the 
random amplified polymorphic DNA assay. All amplifications revealed scorable 
polymorphisms among the isolates, and a total of 217 band positions were scored for 
the nine primers tested. Isolates did not cluster into groups corresponding to their 
mating types. Primers OPS-13 did produce one 2.7 kb band for all isolates of A] 
mating type, but not for A2 isolates. Moreover, primers OPE-06 amplified one 1.3 kb 
band for Ai mating type isolates, while that was absent in A2 isolates except for three 
isolates obtained from avocado roots. Genetic differentiation of 10 isolates obtained 
from same location between two mating types was significantly high, indicating that 
no hybridization occurred between Ai and A2 mating types in that situation. Primers 
OPE-4 amplified 680 bp fragment which was only observed in three isolates obtained 
from avocado roots. Also, genetic differentiation between isolates from avocado and 
those from other sources was significantly strong. These results suggested that host 
specified races might occur in P. cinnamomi and RAPD techniques could be used to 
differentiate races within P. cinnamomi. 
Mahuku et al. (2000) employed RAPD analysis to study P. infestans structure 
in Canada. Multiple correspondence analysis of RAPD profiles separated isolates into 
21 groups that were not correlated to groups defined by mating type, Gpi allozyme 
banding patterns or response to metalaxyl. Population subdivision analysis showed 
97% of the total genetic variation was found among individuals within populations, 
compared with 3% populations. The average similarity coefficient among isolates was 
80%. No significant differences in haplotypic diversity were observed among years 
under study, but levels of genetic diversity among local populations of P. infestans 
were high (0.76). All classes of response to the fungicide metalaxyl were observed, 
with 55%) of isolates displaying moderate level of insensitivity. The high level of 
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genetic diversity detected within population indicated that migration and sexual 
recombination probably played important role in the population biology of P. 
infestans in Canada. Abu-El-Samen et al. (2003) used 80 RAPD primers to study 
variations among 32 single zoospore isolates of P. infestans derived asexually from 
two hyphal tip parental isolates. Results revealed polymorphism in the isolates and 
suggested a considerable level of inherent genetic variability among single zoospore 
isolates derived asexually from the same parental isolate. 
Daayf et al. (2001) reported relationship between pathotypes and other 
markers such as mating types, metalaxyl resistance, Gpi allozyme and random 
amplified polymorphic DNA (RAPD) patterns. RAPD data revealed a good 
distinction between Ai and A2 mating type groups and between isolates from British 
Columbia and those from other provinces. The detection in the last few years of both 
Al and A2 mating types in Canada and the occurrence of some isolates sharing 
different characteristics of both of these two groups suggest that sexual reproduction 
may have occurred locally. Paez et al. (2002) also studied variability of P. infestans in 
Costa Rica, Northern Cartago and Zarcero using RAPDs. Genetic distances based on 
RAPD markers showed a good separation of Costa Rican isolates and foreign isolates 
(US-1, US-18 and EC-1), but no specific grouping was found among Costa Rican 
isolates. RAPDs have also been employed for identifying novel genotypes as well as 
to detect prevailing genotypes in P. infestans. Punja et al. (1998) confirmed the 
occurrence in Canada of genotypes that corresponded to US-1, US-6, US-7, and US-8. 
The RAPD primers also identified 15 novel genotypes from British Columbia and 
four from New Brunswick, regions in which both A] and A2 mating types have 
previously been found and oospore production reported. 
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Whisson et al. (1994) used RAPD markers to identify hybrids in Fi progeny of 
P. sojae. They also employed 18 polj^morphic RAPD markers to study segregation in 
F2 population. The results revealed that they segregated in 3:1 ratio consistent with 
segregation for dominant alleles of single loci. They concluded that outcrossing 
occurred between the parental isolates and that sexual recombination under field 
conditions may play an important role in generating and maintaining genetic diversity 
in population of P. sojae. Similarly Linde et al. (2001) reported phenotypic diversity 
within P. cinnamoni isolates from South Africa and Australia using RAPD. Two 
isolates of Ai and A2 mating types were crossed and resultant progeny and parents 
were screened using seven RAPD primers. Results revealed all but one of the progeny 
contained one or more RAPD bands from each parent indicating that they were likely 
to be true hybrid. One of the progeny was a putative self of the Ai parent isolate. 
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CHAPTER 3 
MATERIALS AND 
METHODS 
Materials and Methods 
3.1. Collection of P. infestans isolates 
Late blight infected potato leaves, stem and tuber samples were collected from 
different geographical regions of India over four years (1997-2000) and processed for 
isolating the blight pathogen. 
The selective media Rye B amended with antibiotics, Rifampicin (0.02 g/1), 
Polymixin B Sulphate (0.05 g/1), Ampicillin (0.10 g/1), Vancomycin (0.05 g/1) was 
used for the purpose of isolating P. infestans. The fungal isolates were maintained on 
Rye B/Rye A/Pea Agar media depending on the requirement (Caten and Jinks, 1968; 
Goodwin et ai, 1992a). The cultures were also cryopreserved for long-term use. 
Some of the historic isolates of year 1992-1996 were also used in this study (Table 1). 
Composition of Rye B medium 
Rye 60 g 
Sucrose 15 g 
Agar 15 g 
Penta chloro nitrobenzene (PCNB) 65 mg 
Distilled water 1000 ml 
3.2 Rye B medium 
60 g rye grains were soaked in distilled water at room temperature. After 36 
hours, supernatant was decanted and retained. The soaked grains were placed in an 
Erlenmeyer flask containing distilled water and steamed for one hour. The steamed 
grains were filtered through two layers of muslin cloth. The filtrate was collected in 
another Erlenmeyer flask and the rye seeds were discarded. The filtrate was added to 
the original supernatant (liquid decanted fi"om the grains at the beginning) which was 
added with 15 g sucrose, 15 g agar and 65 mg PCNB and the volume was adjusted to 
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Table 1.Collection of P. infestans isolates profile used in the study 
Place/ 
Geographical 
location 
Himachal 
Pradesh hills 
Khasi hills 
Nilgiri hills 
Uttar Pradesh 
Isolate 
No. 
HPl 
HP2 
HP3 
HP4 
HP5 
HP6 
HP7 
HP8 
HP9 
HIO 
HPll 
HP12 
HPl 3 
HP14 
HPl 5 
HPl 6 
HPl 7 
HPl 8 
HPl 9 
HP20 
HP21 
HP22 
HP23 
KHl 
KH2 
KH3 
KH4 
KH5 
NHl 
NH2 
NH3 
UPl 
UP2 
UP3 
UP4 
UPS 
UP6 
UP? 
UP8 
UP9 
UPIO 
UPll 
UP12 
UFI3 
Year of 
collection 
1996 
1996 
1996 
1997 
1996 
1999 
1992 
1996 
1996 
1999 
1999 
1996 
1996 
1999 
1999 
1996 
1996 
1996 
1996 
1996 
2000 
2000 
2000 
1992 
1992 
1997 
1997 
1997 
1999 
1999 
1999 
1998 
1998 
1992 
1998 
1997 
1999 
1999 
1998 
1998 
1997 
1998 
1998 
1998 
Mating 
type 
Aj 
A2 
A, 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A, 
A2 
A2 
A, 
A, 
A2 
A, 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A, 
A, 
A2 
A, 
A2 
A, 
A, 
A2 
A2 
A, 
A, 
A, 
A, 
A, 
Ploidy 
Diploid 
-
Triploid 
-
Triploid 
-
Tetraploid 
Triploid 
Diploid 
-
-
-
-
Diploid 
Diploid 
Triploid 
-
Diploid 
Tetraploid 
Diploid 
-
-
-
Triploid 
Triploid 
Diploid 
-
-
-
-
-
-
-
Triploid 
-
-
-
-
-
-
-
-
Diploid 
-
Isozyme 
Gpi 
100/100 
100/100 
111/111 
-
100/100 
-
-
100/100 
100/100 
-
-
-
-
-
-
111/111 
-
-
100/100 
-
-
-
-
100/100 
90/90 
100/100 
90/90 
-
_ 
-
-
100/100 
-
100/100 
-
107/111 
-
107/107 
107/111 
-
-
-
-
107/111 
Pep 
92/92 
83/83 
83/83 
-
100/100 
-
-
83/83 
83/83 
-
-
-
-
-
-
83/83 
-
-
100/100 
-
-
-
-
100/100 
100/100 
100/100 
100/100 
-
_ 
-
-
92/92 
92/92 
92/92 
-
92/92 
-
92/92 
92/92 
-
-
-
-
100/100 
Races 
R 12347 11 
-
Rl7 
-
R l 247 10 
-
-
-
-
-
-
-
-
R l 23 57 10 11 
R l 3 57 1011 
Rl 24 
Rl 3 7 
-
-
Rl 2 4 
-
-
-
-
-
-
-
-
„ 
-
-
R 1234711 
-
R l 247 1011 
-
R 1234 11 
_ 
_ 
-
-
R ] 2 4 5 7 10 11 
-
-
R 1 2 3 4 
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Place/ 
Geographical 
location 
Uttar Pradesh 
Bihar 
Rajasthan 
Haryana 
Punjab 
Isolate 
No. 
UP14 
UP15 
UP16 
UP17 
UP18 
UP19 
Bl 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
BIO 
Rl 
R2 
HI 
H2 
PI 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
PIO 
Year of 
collection 
1998 
1998 
1998 
1998 
1998 
1998 
1992 
1997 
1992 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1998 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1998 
1998 
1998 
Mating 
type 
A, 
Ai 
A, 
A, 
-
A, 
A, 
A, 
A, 
A, 
A, 
A, 
A, 
Ai 
A, 
A, 
A, 
A, 
A, 
A, 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
Ploidy 
-
-
-
Triploid 
-
-
Tetraploid 
Diploid 
-
-
-
-
-
Diploid 
-
-
-
-
-
Diploid 
-
Diploid 
-
-
-
-
Diploid 
-
-
Isozyme 
Gpi 
_ 
-
107/107 
-
-
-
100/100 
100/100 
100/100 
100/100 
-
-
-
-
107/107 
100/111 
-
100/111 
100/111 
100/100 
107/107 
100/107 
-
-
100/111 
-
100/100 
100/100 
111/111 
Pep 
92/92 
-
-
-
92/92 
92/92 
100/100 
100/100 
-
-
-
100/100 
100/100 
100/100 
-
100/100 
100/100 
92/92 
100/100 
100/100 
-
-
100/100 
-
92/92 
92/92 
92/92 
Races 
R l 3410I I 
R l 245 7 10 
-
-
-
R | 24 7 10 
-
-
-
-
Rl2 3 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
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one litre by adding distilled water. The medium was autoclaved at 15 psi for 20 
minutes and stored at 4°C for subsequent use. 
Composition of Rye A medium 
Rye 
Sucrose 
Agar 
Penta chloro nitrobenzene (PCNB) 
Distilled water 
3.3 Rye A medium 
60 g 
20g 
15 g 
65 mg 
1000 ml 
60 g rye grains were soaked in distilled water at room temperature. After 36 
hours, supernatant was decanted and retained as described under section 3.2. The 
soaked grains were macerated with little amount of distilled water and incubated at 
50°C for 3 hours. After incubation, the extract was filtered through two layers of 
muslin cloth. The filtrate was collected in an Erlenmeyer flask and the sediment was 
discarded. The filtrate was added to the original supernatant, and was mixed with 20 g 
sucrose, 15 g agar, 65 mg PCNB and the volume was adjusted to one litre by adding 
distilled water. The medium was autoclaved at 15 psi for 20 minutes and stored at 4°C 
for subsequent use. 
Composition of frozen pea agar 
Peas 
Sucrose 
Agar 
medium 
Distilled water 
120 g 
02 g 
15 g 
1000 ml 
3.4 frozen pea agar medium 
120 g Green peas were kept in freezer for overnight. They were then boiled in 
distilled water. The peas were gently squeezed using muslin cloth to remove excess 
liquid. It was added with 2 g sucrose and 15 g agar and 65 mg PCNB and the volume 
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was made upto 1000 cc by adding distilled water. The medium was autoclaved at 15 
psi for 20 minute and at 1°C. 
3.5 Cryo-conservation of P. infestans cultures 
P. infestans isolates collected over the years as describe under section 3.1, 
were cryo-preserved. Two weeks old cultures of grown on Rye A medium were cut 
into 6mm x 6mm size bits using a cork borer. These plugs were placed into 2ml 
polypropylene cryotubes containing 1-ml sterile 10% glycerol (w/w). Five cryotubes, 
each containing 5 plugs of one isolate were kept for 30 minutes at -20°C, followed by 
60 minutes at -80°C thereafter cryotubes were plunged into hquid nitrogen (-196°C) 
gaseous phase immediately. These samples were subcultured at 9 months internal by 
thawing at ZTC in water bath for 2-4 minutes. (Tooley, 1988). 
3.6 Production of P. infestans inoculum 
Tubers of susceptible cv. Kufri Chandramukhi were surface sterilized with 
alcohol and cut into 1 cm thick slices using a sharp sterilized knife, placed in the 
plastic petridishes, and were inoculated with P. infestans by scratching the fungal 
mycelium on the slice surface with sterilized needles and incubated in air tight plastic 
boxes lined with moist foam sheet at 18±1°C for a week in the dark. A thick white 
growth of sporangiophores with plenty of sporangia covered the tuber slice surface 
within 5-6 days. (Plate 2, Fig. 4). 
3.7 Zoosporangial germination 
Zoosporangia (Plate 2, Figs. 5 and 6) were harvested as described under 
section 3.6 in sterihzed distilled water. The zoosporangial suspension was then kept at 
12°C±2°C for 60-90 minutes for release of zoospores. The zoospore suspension was 
calibrated to a desired level using haemocytometer. 
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Plate 2 
Fig. 4 F infestans zoosporangiophores bearing zoosporangia. 
Fig. 5 Pinfestans zoosporangia. 
Fig. 6 Closeup of zoosporangia showing development of zoospores inside it. 
Fig. 7 Pinfestans zoosporangia germinatiiig directly by throwing out gemi tube. 
3.8 Preparation of single spore cultures 
Single spore cultures were prepared by method Caten and Jinks (1968). 
Zoosporangial suspension was obtained by dislodging the zoosporangia by adding 
sterilized distilled water to 10 days old cultures grown on Rye B agar medium. The 
sporangial suspension was then diluted to a desired level and 100 [i\ suspension was 
spread on thin layer of Rye B medium. The inoculated plates were placed in an 
incubator at 18±1°C for 48 hours. The single germinated sporangia (Plate 2, Fig. 7) 
were marked and picked up by inoculation needle under the microscope (lOx) and 
transferred to the fresh petridishes containing Rye-B agar medium. Five germinated 
zoosporangia were transferred to one dish, v/hich were then incubated at 18±1°C to 
develop into distinct colonies. All the steps were experiment was carried out under 
aseptic conditions. 
3.9 Testing for mating types 
P. infestans isolates were paired with a known tester of P. infestans (Ai 
mating type) on Rye B agar medium (Plate 3, Fig. 9) as per methods described by 
Mosa et al. (1989) and Singh et al. (1994). Discs of 0.5 cm diameter were cut from 10 
days old cultures maintained on Rye B agar medium, using a cork borer and placed 3-
4 cm apart from the known tester isolate. The dishes were then incubated at 18±1°C 
for 15 days in the dark. The presence or absence of oospore at the interface of the 
two-paired isolates was taken as the criterion for designating the isolates as Ai or A2 
mating types (Plate 3, Fig. 8). 
3.10 Ploidy estimation 
Ploidy status of the P. infestans was determined using cytophotometry method 
(Bryant and Howard, 1969; Therrien et al, 1989; Gupta, H., 2000). 
Plate 3 
Fig. 8 A, and A^  mating types isolates showing variation in colony morphology. Mycdial 
lumps are prominent in A^  mating type isolate. 
Fig. 9 R infesians isolate paired with known tester for mating type testing. 
3.10.1 Fuchsin stain 
1 g basic fuchsin was dissolved in 200 ml distilled water with constant 
stirring. The solution was allowed to cool to 50°C and filtered. Thirty ml HCl 
was added to the filtrate followed by 3 g of K2S2O5 (Potassium 
metabisulphite). The resultant solution was stored for 24 hours in dark in a 
well stoppered amber glass bottle to allow it to bleach. 0.5 g activated charcoal 
was added and the solution was shaked for 1 minute and then rapidly filtered 
through coarse filter paper. The solution was filtered four times to get 
transparent solution. The filtrate was retained and stored in dark in tightly 
stoppered amber coloured bottles. 
3.10.2 SO2 water 
SO2 water was prepared by adding 5 ml of IN HCl and 5 ml of 10% 
K2S2O5 in 90 ml distilled water. 
3.10.3 Hop's solution 
2 g of Gelatine and 4 g of crystalline Phenol were added to 20 ml 
Glycerol. The solution was heated and constantly stirred till it became fully 
transparent. 
3.10.4 Staining of P. infestans zoospore nuclei 
Two-three drops of zoospore suspension as described under section 3.7 
were added on to the glass slides which were smeared with Hop's solution on 
their upper surface. The slides were gently heated over spirit lamp for proper 
fixing of the zoospores. The zoospores (Plate 4, Fig. 10) were then further 
fixed for 45 minutes in farmer's fixative (ethyl alcohol: acetic acid, 3:1). The 
fixative solution was added on to the zoospores by using pasture pipette. The 
farmer's fixative was poured off by tilting the shde and IN HCl was added on 
F ^ 10 P mfestc:ns zoospore in cyst stage. 
Fig 11P infestzns zoospore nuclei stained with fiielgen stain. 
to the zoospores. The shde was incubated in dark by covering it with amber-
coloured petridishes for 30 minutes. The HCl was poured off and the 
zoospores were stained in Feulgen stain (solution A) for 1V2 hours. Two-three 
drops of the stain were added on to the slide containing zoospores which were 
then incubated in dark by covering them with amber-coloured petridishes. The 
Feulgen stain was drained off and the zoospores were washed for 3 minutes in 
sulphite solution (SO2 water) by adding 2-3 drops of sulphite solution. The 
sulphite solution was poured off and 2-3 drops of 45% acetic acid were placed 
on the zoospores for 1 minute. Subsequently, the acetic acid drops were 
drained off and 1 drop of glycerine was added and the surface was covered 
with a cover-glass. The slides were stored for overnight in 70% ethyl alcohol 
in petridish at 4°C. 
3,10.5 Deoxyribonucleic Acid (DNA) estimation 
Cytophotometer (Nikon model PI01) attached with a research 
microscope (Nikon model Optiphot-2) was used for estimating the DNA 
content of the zoospore nuclei. The nuclei were focused under 40x objective 
lens. The diaphragm aperture of the cytophotometer was adjusted at 0.2. This 
eliminated all cell structures except nuclei (Plate 4, Fig. 11) which were 
measured for their absorbance. A minimum of 50 nuclei were estimated 
individually for each isolate. Besides, blank readings (50 for each isolate) 
were also taken for estimating free light transmission. 
The content of DNA was calculated using the following formulae: 
Absorbance (X) = Blank - Transmittance 
Where, Blank=Light transmission without any material, and 
Transmittance=Light transmission with material (nucleus) 
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The absorbance data of individual nuclei were arranged in the 
following format for calculating Mean absorbance (X). As an illustration, 
calculation of mean absorbance and standard error are shown below: 
Absorbance 
(X) 
0.4 
0.5 
0.6" 
0.7 
1.0 
Frequency 
(0 
7 
6 
28 
3 
6 
50 
Deviation 
(d = x-m) 
-0.2 
-0.1 
0.0 
0.1 
0.4 
Df 
-1.4 
-0.6 
0.0 
0.3 
2.4 
Zdf=0.7 
d^  
0.04 
0.01 
0.00 
0.01 
0.16 
d f^ 
0.28 
0.06 
0.00 
0.03 
0.96 
Ed^f=1.33 
(m, represents modal no.) 
Mean deviation = Idf /n 
0.7/50 
0.014. 
Mean (X) = Modal no. ± Mean deviation 
where modal no. is the value of absorbance which has the highest frequency 
value (f). 
In the above data, modal no. = 0.6 
Therefore mean (X) = 0.6 + 0.014 
0.614 
Standard error was calculated and reflected along with the absorbance value. 
S.D. (a) 
\ 
\ 
S.E. 
IdH 
n 
1.33 -
50 
-1' 
(0.014) 
0.162493 
S.D 
V50 
0.0298 
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3.11 Determination of physiologic races 
Potato clones lines of the International P. infestans differential set, each 
containing one of the R] to Ri i race specific resistance genes and their combinations 
(source: Scotish Crop Research Institute, UK) were grown in 20 cm earthen pots. The 
lateral leaflets of fully expanded leaves were used for the tests. Leaflets were plucked 
and kept, abaxial surface up, in trays as described by Umaerus and Linhell (1976). 
Each leaflet was inoculated with 100|Lil-zoospore suspension containing 6x10"* 
zoosporangia per ml of each isolate. The trays containing the inoculated leaflets were 
incubated at 18 ±1°C for five days. 
Each leaflet was examined using a hand lens (lOx) and presence/absence of 
zoosporangia was recorded. Presence of sporangia was taken as a compatible reaction. 
Based on the number of R-genes showing compatible reaction, the virulence of each 
isolate was designated (Black, 1952). 
3.11.1 P. infestans DNA isolation 
P. infestans isolates grown on pea broth/Rye B broth (for 12 days at 
18°C in the dark. The mycelial mat were harvested and washed 2-3 times with 
sterile double distilled water. The extra water was removed by squeezing the 
mycelial mat between sterilized blotter sheets (Whatman filter paper No. 1). 
The mycelium was then grounded to a fine powder in liquid nitrogen 
using a pre-chilled sterile mortar and pestle. The powder was transferred to 5 
ml of pre-warmed (65°C) extraction buffer in a 50 ml capacity polycarbonate 
centrifuge tube. 
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Extraction buffer 
Tris HCl (pH 8.0) 
EDTA (pH 8.0) 
NaCl 
100 mM 
20 mM 
1.4M 
CTAB 2% w/v 
2-mercapto ethanol 0.2% v/v 
The mixture was thoroughly mixed and incubated at 65°C for 1 hr. 
Thereafter, the tubes were kept at room temperature for 10-15 minutes. 
The suspension was extracted with 5 ml of chloroform: isoamylalcohol 
(24:1) to denature proteins and facilitate phase separation. The mixture was 
centrifuge at 15000 rpm for 20 minutes at room temperature in model sigma 
3kl5. Four to five ml of top aqueous phase was taken out in a fresh autoclaved 
50 ml centrifuge tube and to this was added 3 ml (2/3 volume) of isopropanol. 
The DNA was precipitated and pelleted by centrifiigation at 10,000 rpm for 10 
minutes. The pellet was washed using 500 |al of chilled 70% ethanol in water. 
The pallets were then dried at 37°C in vacuum oven and re-suspended in 500 
1^1 of sterile milli Q water. The single stranded RNA was digested with 100 
|ig/ml RNAase A for 60 minutes at 37°C and extracted once with equal 
amount of phenol:chloroform:isoamylalcohol (25:24:1). The upper phase was 
taken out without disturbing the lower phase and to this was added 3 M 
ammonium acetate l/io"^ volume and 2 volume of chilled ethanol. The DNA 
was centrifuged at 10,000 rpm for 10 minutes and the DNA pallets so formed 
were washed with 70% ethanol and resuspended in 100 \x\ sterile milli Q 
water. Amount of DNA was quantified by UV-VIS spectrophotometer and 
stored at -20°C for further use. 
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3.11.2 DNA estimation 
DNA concentration and purity was estimated on the basis of 
absorbance (A = 260 and 280) by using UV-VIS spectrophotometer. 
Absorbency reading was taking in 990 |J.l sterile milH Q having 10 )J.1 DNA 
sample after calibrated it with 1 ml sterile milli Q the quantity of DNA was 
estimated by 1°A unit of ds DNA = 50 [ig/ml. 
3.11.3 PCR amplification 
Polymerase chain reaction amplifications of DNA fi"agments were 
performed with each of random decamer primers (Table 2) obtained from M/s 
Operon Technolgies, Inc., 1000 Atlantic Ave, Almeda, CA 94501, USA. 
Polymerase chain reactions were performed in a 25 f^ l volume of Taq DNA 
polymerase 5 units/microlitre (Promega), lOx Taq DNA polymerase buffer 
with MgCb, PCR nucleotide mix lOmM, Primer 10 picomol, 100 ng template 
DNA per reaction. Quantity per reaction of Taq DNA polymerase, Primer, 
dNTPs was very low therefore 26 reactions master mix was prepared for each 
primer with DNA and for 26 reaction 
Water 462.80 |il 
Taq DNA poly buffer (lOx) 65.00 ^l 
dNTPs mix 13.00 |al 
Primer 52.00 )al 
Taq DNA polymerase 5.20 |al 
The master mixture was mixed gently and dispensed. 23 |J,1 each of 
reaction mixture was added to each PCR tubes containing (2 [i\ per reaction) 
100 ng DNA template @ 50 ng/|al. Amplification was performed in a Perkin 
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Elmer Thermal Cycler (Gene Amp PCR system 2400) using following 
temperature profile for each primer. 
Purpose 
Pre amplification 
Denaturation 
Annealing 
Extension 
Post amplification 
Time (min) 
5 
1 
1 
2 
10 
Temperature ("C) 
94 
94 
35.5 
72 
72 
Cycles 
1 
45 
1 
Amplified products were separated by gel electrophoresis using 1.6% 
agarose gel with 0.5 |ig/ml ethidium bromide in TBE Buffer (pH 8.0) 
(Sambrook et al., 1989). 25 i^ l each of samples and 100 bp DNA ladder were 
loaded having 3 [i\ of 6x loading dye (0.25% bromophenol blue, 0.25% xylene 
cyanol FF and 30%) glycerol in water). The samples were run for 4 hours at 
constant voltage (3 Vcm"') in Ix TBE buffer at room temperature and 
observed under UV transilluminator (254 nm wavelength) The electrophoretic 
images were saved through Flour S''''^  Multi-imager. 
3.12 RAPD analysis 
Amphfied DNA fragments (bands) were scored for all 67 isolates collected 
from different regions varying for their mating type, ploidy, physiologic races, Gpi 
and Pep isozyme patterns as 1 (band present) and 0 (band absent). The data was 
analysed with the software programme NTSYS-PC. The data matrix obtained for 
present and absence of bands was analysed according to Nei and Li definition of 
genetic similarity-Sij=2a/(2a+b+c), where Sij is the similarity between two 
individuals (i and j), a is the number of bands present in both i and j , b is the number 
of bands present in i and absent in j and c is the number of bands present in j and 
AA 
absent in i. Matrix of similarity was analysed by UPGMA method. Dendograms were 
developed using Tree Program. 
3.13 Comparative aggressiveness of sexual and asexual population 
Five isolates were taken from sexual population formed by a cross of HP22 
and HP23 where as 5 isolates viz. P3, HPl, HP15, NH2, HP21 were taken randomly 
from asexual population. Five isolates each of sexual and asexual population were 
evaluated for their comparative aggressiveness on whole plants and detached leaves 
of CVS. Kufri Chandramukhi and Kufri Jyoti. 
3.13,1 Whole plant method 
Thirty plants each of Kufri Jyoti and Kufri Chandramukhi were raised 
in 10 cm earthen pots in the glasshouse by planting single tuber eye scooped 
from the crown end in each pot. All the pots were transferred to humidity 
chamber 40 days after planting. Seven leaflets from each of the three plants 
were used for testing one isolate. Filter paper discs (0.5 mm) dipped in 6x10'* 
zoospores/ml were used for inoculating the plants. The inoculated plants were 
incubated at 18+1°C and RH>90% under dark for 48 hours. Thereafter, 
chamber was illuminated by fluorescent hght (120-140 jimoles m"^  S''). 
Field resistance components viz., infection frequency (IF), lesion area 
(LA) and sporulation capacity (SC) were estimated as described by Tooley et 
al. (1986). For estimating infection frequency, the total number of lesions 
formed on all the inoculated leaflets were counted. Infection frequency was 
expressed as: 
IF = Total number of lesions formed 
Number of leaflets inoculated 
Lesion area was measured after 5 days of incubation and calculated by 
using the following formula (Singh and Bhattacharyya, 1995). 
LA = Ttab 
4 
where a and b are the length and width of the lesion, respectively. 
Sporulation capacity (number of zoosporangia/cm^) was also measured 
after 5 days of incubation. The sporulating lesions of all the leaflets were cut 
out and dipped in vials containing 10 ml of 10% ethyl alcohol. The vials were 
stored at 4°C until the zoosporangia were counted using haemocytometer. 
Composite fitness index (CFI) was calculated by the following formula 
(Tooley etal., 1986). 
CFI = IF X LA X SC 
where, IF = infection frequency; LA = lesion area; and SC = sporulation 
capacity. 
3.13.2 Detached leaf method 
Twenty-five plants each of cvs. Kufri Jyoti and Kufri Chandramukhi 
were raised in 20 cm earthen pots under the glasshouse. On the 40'^ day after 
planting, the terminal leaflets of the fourth leaf from the top were plucked and 
used in the study. Five leaflets were inoculated with each of the isolate were 
placed in plastic trays on perforated plastic separators (Umaerus and Lihnell, 
1976) and inoculated with 100 |il zoosporangial suspension containing 6x10 
zoospores/ml using an autopipette. Trays containing the inoculated leaflets 
were incubated in an incubator at 18±1°C. Infection frequency, lesion area, 
sporulation capacity and composite fitness index was calculated as described 
under section 3.13.1 
3.14 Comparative aggressiveness of isolates collected over the years 
Three isolates of P. infestans each of year 1992, 1996 and 1999 viz. M3, B3 
and Bl of year 1992; HPl, HP5 and HP17 of year 1996; NH3, HP14 and HP15 of 
4fi 
year 1999 were analysed for their comparative aggressiveness on whole plant and 
detached leaf of cvs. Kufri Joyti and Kufri Chandramukhi as described under section 
3.13. 
3.15 Statistical analysis 
The statistical analysis of the data was performed using M-STAT package 
(version 1.42) for completely randomised block design (CRBD). Two factorial 
analyses was carried out for data on comparative aggressiveness of sexual and asexual 
populations, isolates collected over the year, Ai and A2 mating type isolates of P. 
infestans on detached leaves and whole plants (factors: isolates/Population x variety; 
isolates/year x variety; Mating types x cv. KCM; Mating types x cv. KJ). 
Aggressiveness was assessed by lesion area, sporulation capacity and composite 
fitness index. Anova 1 was carried out for the analyses data on variability in sexual 
and asexual populations with regard to aggressiveness and in year groups: 1992, 1996 
and 1999. The least significant difference (LSD) at 0.05 probability {i.e., 5% level of 
significance) was calculated. 
3.16.1 Production of oospores 
P. infestans oospores were developed on Rye B agar media by pairing 
Ai and A2 mating types. The isolates belonging to Ai and A2 mating types 
were paired by placing them at 3-4 cm. apart on the Rye B agar medium in a 
petridish. The dishes were incubated at 18±1°C for 10 days under dark 
(Shattock et ai, 1986, Singh et ai, 1994, Gupta, J., 2000). 
3.16.2 Extraction of oospores 
Oospores formed at the interface of interacting A] and A2 colonies 
were extracted by modifying the method of Forster et al. (1983). The 
mycelium at the interface of the paired isolates was extracted by scrapping 
with the help of a spatula. The agar scrappings containing oospores were 
grounded in distilled water using an electric grinder. Dispense the slurry 
containing oospores in eppendorf tube by adding a pinch or 0.5 mg/ml of 
lysing enzyme and vortex thoroughly. Kept these tubes at 18°C. After 24 
hours, the mycelial fragments were completely digested by lysing enzyme. 
Remove the lysing enzyme by washing 3 or more times with sterile distilled 
water via. centrifugation for 10,000 rpm for 10 minutes. This experiment was 
carried out under aseptic conditions. Store the tubes in refrigerator till use. 
3.16.3 Preparation of single oospore progeny 
The oospore suspension was diluted as a desired level and 100 |al 
suspension was spread on 0.8% water agar petri dishes. The dishes were 
incubated at 18°C under blue fluorescent blue light. The dishes were checked 
after 2-4 days for oospore germination. As soon as the germination started, the 
germinated oospores were marked and picked up with the help of needle under 
the microscope (lOx) and transferred to the fresh petridishes containing Rye A 
agar medium. Five germinated oospores were transferred to one dish, which 
were then incubated at 18±1°C to develop into small colonies. Each colony 
was picked up at the very early stage and transferred on to Rye B containing 
petridishes/glass tubes. 
3.17 Implications of sexuality on pathogen population structure 
3.17.1 Mating type 
Four crosses viz. HP20 x HP15, UPS x NHl, HP21 x NH2 and HP23 x 
HP22 were performed and the single oospore progenies were developed from 
the four resultant oospores as described under section 3.16.3 for each cross. 
Progenies were tested for their mating types as described under section 3.9. 
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3.17.2 Ploidy 
Two diploid isolates, Ai mating type (HP20) and A2 mating type 
(HP15) (DNA content 0.54±0.01 and 0.73±0.02, respectively were crossed 
and 20 single oospore progenies were developed and tested for their ploidy 
status as described under sections 3.16.3 and 3.10, respectively. 
3.17.3 Physiological races 
One isolate each of A] (HP20) and A2 mating type (HP 15) having 
races 1.2.4 and 1.3.5.7.10.11, respectively were crossed and the single oospore 
progeny were developed as described under section 3.16.3. Seventeen oospore 
progenies so developed were tested for their racial pattern as described under 
section 3.11. 
3.17.4 RAPDs 
One isolate each of A] (HP20) and A2 mating type (HP15) were 
crossed and single oospore progeny were developed as described under section 
3.16.3. Twelve oospore progenies so developed were analyzed for RAPDs as 
described under section 3.11 using eight ohgotide primers as listed in Table 3. 
3.18 Population dynamics studies under controlled conditions 
Two polyhouse (Plate 5, Fig. 12) each measuring 1 0 x 5 x 2 . 5 m (LxBxH) 
and fitted with automatic fogging system, light control panel and cooling pads were 
used for the studies. Crop of cv. Kufri Jyoti was raised as per normal agronomic 
practices. 
3.18.1 Mating types 
Single spore isolates of Ai (UP3) and A2 (KH5) mating type were 
multiplied on potato tuber slices and zoospore suspension was prepared as 
described under section 3.6 and 3.7. Equal concentration and volume of 
.0 
>^ JS 
fe 
•0 
G 
et 
B 
lU 
u 
0. 
05 
a," 
DC 
fi 
0 
s C3 
2 
.2 
'C 
« 
> 
DC 
£ 
'•C 
04 
ts 
"a j -
5 
•a 
a; 
<» 
h 
0) 
s 
'^ 
a 
S 
0 T3 
C 
es ) 
L. 
t n 
0 
IK 
S 
« + J 
V 
0 
f*i 
01 
£ 
es H 
V 
DX) 
C CS 
;. 
-*-! 
^ 
"o 
s 
E3 
cs 
P3 
0 
0 
fl 
0 
H 
0 
C 
Q^ 
3 O" 
u 
y j 
ha 
0) 
1 
u 
C Ck 
d 
z 
cz5 
j 
' 
' 0^ 
( N 
0-, m 
.c 
»9 
J3 
r<^  
0 
-w 
On 
1 1 
' i n 
' 
0 
' 
1 
' 
0 
H 
U 
0 
< 
0 
u 
u 0 PH 
( 
<N 
0 
< 
P H 
0 
'-^  
ro 
CM 
1 
00 
a H 
0 
a 0 
u < 
< 
< 
0 
i ^ 
0 
< 
ClH 
0 
( N 
i n 
^ 0 
1 
i n 
( N 
1—1 
0 
0 
< 
H 
0 
0 
<: 
0 
H 
0 
00 
0 
< 
PLH 
0 
m 
•T) 
t 0 
1 
0 \ t ^ 
^ 
' t 
0 
< 
U 
0 
u H 
< 
0 
H 
0 
0 
'—' 
< 
P i 
0 
'^ 
0 
0 
t ^ 
t ^ 
0 
m 
0 
0 
H 
0 
H 
U 
0 
U 
U 
H 
^ 
s 
cu 0 
IT ) 
00 
1 
0 
1-H 
( N 
< 
0 
U 
<; 
0 
0 
u 
u H 
0 
r^  
0 
U 
cu 0 
^ 
00 
• 0 
r-) 
H 
U 
0 
H 
0 
U 
U 
H 
<^  
U 
10 
5 OH 
0 
r^  
I T ) 
ro 
ON 
CM 
'^ 
1 ^ 
U 
< 
u 0 
H 
< 
0 
< 
U 
U 
r<^  
0 
M 
f i i 
0 
00 
50 
Plate 5 
Fig. 12 Vkw of polyhouse where pppulaton dynamics studies were carried out. 
Fig. 13 Single late blight lesion developed by mix inoculation of A, and A^  mating types 
under polyhouse. 
Fig. 14 Initial development of primaiy infedtion focus. 
Fig. 15 Spread and development of late bHght under polyhouse. 
zoospore suspension of the two mating type isolates were mixed and used 
for inoculating the crop. Five leaflets on a single plant situated in the middle 
of the crop were inoculated by placing on 0.3 x 0.3 cm^ filter paper disc 
dipped in zoosporangial suspension. The lesions were allowed to develop by 
maintaining temperature (between 16-20°C, RH (>90%) and light (no light) 
for two days. Subsequently, lights were switched on. Lesion(s) development 
was monitored and only one sporulating lesion (Plate 5, Fig. 13) was retained 
by removing the remaining lesions (if any). The blight was allowed to buildup 
by providing congenial conditions (temperature, pH, light) all throughout. Late 
blight infected samples were collected from polyhouse (Plate 5, Figs. 14 and 
15) at regular intervals right from the establishment of disease till entire potato 
crop was killed by fungus. Late blight samples (infected tubers) were also 
collected at the time of harvest. The fimgus was isolated using Rye B agar 
medium, purified, and analysed for mating types. A total sixty isolates were 
collected for this purpose. 
3.18.2 Ploidy 
Three polyploid isolates of A2 mating type viz. diploid (isolate HP9) 
triploid (isolate KHl) and tetraploid (isolate HP 19) were used. The zoospore 
suspension of three isolates was prepared, mixed in equal proportion and used 
for initiating the disease as per details given in section 3.18.1. The disease was 
allowed to develop by maintaining congenial environmental conditions for late 
blight. 
P. infestans samples were collected at different intervals (DI 10-20%, 
30-35%, 75-80% and 100%) and analysed for their ploidy status using 
cytophotometry method. 
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3.18.3 Physiological races 
Four Ai mating type isolates viz. HP3, HP17, UPS and UPl belonging 
to 4 physiological races (1.7, 1.3.7, 1.2.3.4.11 and 1.2.3.4.7.11, respectively) 
were mixed inoculated in equal proportion on crop of cv. Kufri Chandrimukhi 
as per method described under section 3.18.1. The disease was allowed to 
establish and when its incidence reached 1% regular monitoring of the 
physiological races was under taken using host differentials till the crop was 
completely killed. 
Besides polyhouse the above four races were mixed inoculated and 
subculture every 5 day on detached leaves of cv. Kufri Chandrimukhi. After 
is"' cycle SO isolations were carried out from leaves and tested for their 
physiological races as described under section 3.11. 
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Results 
4.1 Population dynamics studies under controlled environment 
4.1.1 Mating types 
The disease was initiated under polyhouse by using a mixture of Ai 
and A2 mating types zoospores suspension. The late blight infected samples 
were collected from polyhouse at regular intervals right from the 
establishment of the disease till the entire potato crop was killed by the fungus, 
including at the time of harvest. P. infestans was isolated, purified and 
analysed for its mating type as described under section 3.9. A total of sixty 
isolates were collected and analysed. The data revealed that in the beginning 
(DI 2%), the frequency of both Ai and A2 mating types was equal 1:1. 
Thereafter, with the increase in the disease severity the proportion of A2 
mating type increased gradually. At 8% DI A2 mating type population 
increased from 50 to 66.6%, at 35% DI its population further increased to 15% 
and at 70%) DI, entire Ai population was displaced by A2 mating type. 
Thereafter, only A2 mating type was recorded till entire crop was killed. Even 
tuber infection at harvest carried A2 mating type only (Fig. 34). 
4.1.2 Ploidy 
Population dynamics of three polyploids viz. diploid triploid and 
tetraploid was studied by mix inoculating the potato crop under polyhouse by 
using the equal proportion of zoospore inoculum of the three polyploids. P. 
infestans samples were collected at different intervals and analysed for their 
ploidy status using cytophotometry. Data on ploidy status revealed that in the 
beginning when the disease severity was low (10-20%)) frequency of triploids 
was highest (75%) which was followed by diploids (25%)). Tetraploids were 
53 
_>. 
E 
CO 
I 
T3 
C 
<N 
05 
O) 
C 
3)g 
c 
- 3 
- 3 
C 
O 
_o 
•5 
o 
o 
4 — ' 
o 
w 
o 
CD 
- I — ' 
CO 
Q 
CJ) 
CN 
G) 
CD 
C 
- 3 
00 
C3) 
0 
c 
- 3 
00 
I 
CJ) 
CD 
c 
D 
- 3 
s 
o 
a 
u 
e 
a 
I 
B 
X! 
C 
© 
1/3 
c 
C 
a 
o 
OX) 
o 
CN 
O 
O 
O 
00 
O 
CD 
O O 
(0/0) 9dA; 6u!}B|/\i 
altogether absent (below detectable limits). At 30-35% DI, population of 
diploids increased to 50% whereas triploids and tetraploids were 25% each. 
Thereafter, tetraploids were not recorded till the crop was completely 
destroyed. Up to 75-80% DI, population of diploids and triploids were equal 
(50:50). However at 100% DI, population of diploids increased to 80% 
remaining of the isolates were triploids (20%)) (Fig. 35). 
4.1.3 Physiological races 
Four physiological races varying in their virulence factor viz. 1.7, 
1.3.7, 1.2.3.4.11 and 1.2.3.4.7.11 were mixed inoculated in equal proportion 
on potato crop raised under the polyhouse. The disease was allowed to 
establish and when its incidence reached 1%, regular monitoring for the 
physiological races was undertaken using host differentials. Out of four races, 
race 1.2.3.4.7.11 was detected from the very beginning till 10-40% DI. Race 
1.7 and 1.3.7 could not be detected at any stage whereas race 1.2.3.4.11 was 
detected up to 45% DI. The new virulences viz. 5 and 10 which were not 
present in any of the parent physiological races mixed inoculated in the 
beginning of the experiment were detected for the first time at 30%) and 90-
95% DI, respectively. These new virulences factors continued to be part of the 
race flora recorded till the entire crop was destroyed (Table 4). 
Besides polyhouse, competitiveness and development of new races 
was also studied on detached leaves. Four races were mixed inoculated and 
multiplied uptol5 clonal generation. The results revealed that none of the 
parent race could be detected at the 15 clonal generation. Instead, four new 
races viz. 1.3.4.5.11, 1.3.4.5.7.11, 1.3.4.5.10.11 and 1.3.4.5.7.10.11 were 
detected. Out of them frequency of race 1.3.4.5.7.10.11 was highest (50%) 
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Table 4 Competitiveness amongst different P. infestans physiological races* under polyhouse 
- o c ^ j ^ . 
>f. 
P. infestans samples collected at DI (%) Race observed 
10 
30 
31-40 
41-45 
50-70 
71-85 
90-95 
>95 
1.2.3.4.11 
1.2.3.4.7.11 
1.5.11_ 
1.5.7.11 
1.3.4.11 
1.3.4.7.11 
1.2.3.4 
1.2.3.4.11 
1.2.3.4.5.11 
1.2.3.4.7.11 
1.3.4.11 
1.2.3.4.11 
1.2.3.4.5.11 
1.2.3.4.5.11 
1.2.3.4.5.7.11 
1.3.4 
1.3.4.5 
1.3.4.11 
1.3.4.5.11 
1.3.4.5.7.11 
1.3.4.5.11 
1.3.10.11 
1.3.4.5.10.11 
1.3.4.5.7.10.11 
1.3.4.5.11 
1.3.4.5.7.11 
1.3.4.5.10.11 
1.3.4.5.7.10.11 
1.3.4.7.11 
Frequency (%) 
66.66 
33.33 
28.57 
28.57 
14.28 
14.28 
25.00 
37.50 
25.00 
12.50 
14.28 
71.42 
14.28 
57.14 
42.85 
11.11 
11.11 
11.11 
55.55 
11.11 
12.50 
25.00 
50.00 
12.50 
20.00 
20.00 
20.00 
30.00 
10.00 
•Physiological races mixed inoculated at the start of the experiment-].?; 1.3.7; 1.2.3.4. 
1.2.3.4.7.11. 
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followed by race 1.3.4.5.10.11 (30%). Frequency of the remaining two races 
were equal (10% each). 
4.2 Implications of sexual reproduction 
4.2.1 Mating types 
Four crosses viz. HP20 x HP15, UP3 x NHl, HP21 x NH2 and HP23 x 
HP22 were made and single oospore progenies were developed for each cross 
(Table 5) which were then tested for their mating type status. Results revealed 
that proportion of Ai and A2 mating types varied with crosses. Entire progeny 
of cross HP20 x HP15 belonged to A2 mating type. In the remaining crosses 
frequency of A2 mating type varied from 20% (HP21 x NH2) to 66.7 % (UP3 
X NHl). Out of four crosses, progeny of cross HP21 x NH2 only showed self-
fertile isolates (3.3%). 
4.2.2 Ploidy 
Two diploid isolates, HP20 (Ai mating type) and HP15 (A2 mating 
type) (DNA content 0.54±0.01 and 0.73±0.02, respectively) were crossed and 
the resultant single oospore progenies were tested for their ploidy status. 
Results revealed that the progeny isolates segregated into diploids and 
triploids in a ratio of 3:1 (Table 6). 
4.2.3 Physiological races 
Two Ai and A2 mating type isolates viz. HP20 and HP15 comprising of 
races 1.2.4 and 1.3.5.7.10.11, respectively, were crossed by pairing them on 
Rye-B agar medium. Seventeen single oospore progenies were developed and 
analysed for their physiological races. Results revealed that the only one out of 
two parent races could be recovered in the progeny. A total of thirteen new 
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races comprising of 2 to 6 genes were recorded. Three races viz. 1.4, 1.2.3, 
1.3.11 were most predominant (11.8 %, Table 7). 
4.2.4 RAPDs 
Two parental isolates HP20 (Ai) and HP 15 (A2) and 12 single oospore 
progenies were analyzed for RAPD using eight oligotide primers (Table 3). 
Maximum number of bands were generated with OPA08 primer (18 bands) 
where as minimum number of bands were obtained with OPC07 primer (2 
bands), (Plates 6 and 7). 
The Ai mating type parent was clustered on a solitary branch of the 
dendogram with an average similarity value of 0.68 with other isolates. The A2 
mating type parent and other 12 progeny isolates of A2 mating type were 
grouped together in the dendogram. Separate clustering of the two mating type 
isolates could be because of genome rearrangement during emergence of A2 
mating type from Ai mating type. The 12 progeny isolates were further 
grouped into three different sub-clusters based on genetic relatedness. Isolates 
R3, R4, R5, R6, R7 were clustered together with an average similarity value of 
0.83 (Table 8). Isolates R12 and R13 showed highest degree of genetic 
relatedness with similarity coefficient of 0.93, and together with R14 isolate 
formed a different sub-cluster on the dendogram with an average similarity 
value of 0.86. Isolates R8, R9, RIO and 11 also grouped into a separate 
sub-cluster on the dendogram with an average similarity value of 0.75. 
Average similarity value among the 12 progeny isolates was 0.74 (SD ±0.07) 
(Fig. 36). 
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Table 7. Segregation and recombination of virulences in Fi progeny 
Race 
1.4 
2.4 
4.7 
1.2.3 
1.2.11 
2.3.7 
1.3.11 
1.2.3.4.11 
1.3.5.7.10 
2.3.7.10.11 
1.2.3.5.10.11 
1.2.4.7.10.11 
1.3.4.5.10.11 
1.3.5.7.10.11 
Frequency (%) 
11.76 
5.88 
11.76 
5.88 
5.88 
5.88 
11.76 
5.88 
5.88 
5.88 
5.88 
5.88 
5.88 
5.88 
F| progeny derived from cross involving Races 1.2.4x 1.3.5.7.10.11 
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4.3 Comparative aggressiveness of sexual and asexual population of P. infestans 
Five P. infestans isolates each of sexual and asexual population were 
evaluated for their aggressiveness using whole plants and detached leaves of two 
potato cultivars Kufri Chandramukhi (KCM) and Kufri Jyoti (KJ). Aggressiveness 
was assessed by determining the fitness components; infection frequency (IF), lesion 
area (LA), sporulation capacity (SC) and composite fitness index (CFI). 
4.3.1 Whole plant method 
Data on mean over varieties showed that sexual population was more 
ag^p-essive than the asexual population when tested on whole plant which was 
reflected in terms of significantly higher values for lesion area, sporulation 
capacity and composite fitness index (Table 9). Similarly, data on mean over 
populations m respect of whole plant revealed that P infestans was more 
aggressive on cv. Kufri Chandramukhi than on cv. Kufri Jyoti. (Table 10). 
This was found true for both sexual population (IF 1.00, 0.92; LA 7.98, 5.45 
cm--, LSDoos 0.46; SC 9928.28, 4546.80 /cm^ LSDQOS 197.23; CFI 78955.20, 
22701.40, LSDoo5 3801.12 on cvs. Kufri Chandramukhi and Kufri Jyoti, 
respectively) and asexual population (IF 0.98, 0.93; LA 6.97, 3.79 cm , 
LSDoos 0.33; SC 9166.20, 4547.60 /cm^ LSDQOS 189.44; CFI 63068.00, 
15925.80; LSD005 3267.01 on cvs. Kufri Chandramukhi and Kufri Jyoti, 
respectively). 
4.3.LI Variability within sexual and asexual populations 
Data on variability within sexual and asexual populations 
revealed that isolates differed in respect of their fitness as well as its 
components within both the populations when tested on cvs. Kufiri 
Chardramukhi and Kufri Jyoti. 
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4.3.1.1.a Cv. Kufri Chardramukhi 
All the isolates belonging to the sexual population did 
not differ in their infection frequency when tested on cv. Kufri 
Chandramukhi. Although differences were observed within 
sexual population with regard to lesion area and composite 
fitness index, but the differences were non significant. 
However, significant differences were observed with regard to 
their sporulation capacity. Isolates B and D produced highest 
number of spores per cm area (10586 and 10765 spores/cm , 
respectively) followed by isolates E, A and C (SC 9644, 9585 
and 9061 spores/cm^, respectively). 
Variability was higher within asexual population with 
regard to composite fitness index as well as for its components. 
Amongst all five isolates belonging to asexual population, 
isolate NH2 showed highest aggressiveness but it was at par 
with isolate P3 (CFI 78982 and 72069, respectively; LSDQOS 
10379.66). Aggressiveness of isolate HP21 was at par with 
isolates P3 and HPl (CFI 64034, 72069 and 52812, 
respectively; LSDQ.OS 10379.66). Isolate HP15 was least 
aggressive (CFI 47443). Similar trend was observed with 
regard to fitness components (Table 11). 
Comparison of isolates across the populations revealed 
that except one isolate (NH2), all isolates from sexual 
population were more aggressive than their counter part from 
asexual population, although differences were non significant 
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Table 11. Aggressiveness of sexual and asexual population on cv. Kufri 
Chandramukhi whole plant 
Population 
Sexual 
population 
LSDo.05 
Asexual 
population 
LSDo.05 
Isolate No. 
A 
B 
C 
D 
E 
P3 
HPl 
HP15 
NH2 
HP21 
LSDo.05 Population x isolate 
IF 
1.00 
1.00 
1.00 
1.00 
1.00 
-
1.00 
0,90 
1.00 
1.00 
1.00 
-
-
LA /cm^ 
8.18 
7.43 
8.72 
7.56 
8.02 
NS* 
7.41 
6.60 
5.56 
8.08 
7.19 
0.82 
1.04 
SC /cm^ 
9585 
10765 
9061 
10586 
9644 
557.77 
9726 
8891 
8533 
9775 
8906 
420.21 
306.54 
CFI 
78405 
79984 
79012 
80030 
77345 
NS* 
72069 
52812 
47443 
78982 
64034 
10379.66 
10231.60 
*Nonsiginticant 
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except from that of isolates HPl, HP15, HP21 (Table 11). 
Similar trend was observed with regard to fitness components 
as well, although the ranking of the isolates varied with fitness 
components. For example, lesion area was highest for isolates 
C and A from sexual population followed by isolate NH2 from 
asexual population (LA 8.72, 8.18 and 8.08 cm , respectively; 
LSD 0.05 1.04). Whereas, spomlation capacity was highest in 
respect of isolates B and D followed by isolate NH2 from 
asexual population (SC 10765, 10586 and 9775 spores/cm , 
respectively; LSDo.os 306.54). 
4.3.1.1.bCv. KufriJyoti 
Both asexual and sexual populations followed almost 
similar trend as observed on cv. Kufri Chandramukhi except 
few cases (Table 12). Within sexual population infection 
frequency of isolates A and B was highest (IF 1.00) followed 
by isolates C, D and E (IF 0.9, 0.85 and 0.85, respectively). 
Sexual isolates did not differ significantly in their composite 
fitness index as well as lesion area. However, significant 
differences were observed with regard to sporulafion 
capacity. Isolate B produced highest spores/cm lesion area but 
it was statistically at par with isolate E and A (SC 5013, 4998 
and 4629 spores/cm^ respectively; LSD0.05 457.79). Isolate D 
produced significantly higher spores/cm than isolate C (SC 
4297 and 3797 spores /cm^ respectively; LSD0.05 457.79). 
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Table 12, Aggressiveness of sexual and asexual population on cv. Kufri Jyoti 
whole plant 
Population 
Sexual 
population 
LSDo.05 
Asexual 
population 
LSDo.05 
Isolate No. 
A 
B 
C 
D 
E 
P3 
HPl 
HP15 
NH2 
HP21 
LSDo.05 Population x isolate 
IF 
1.00 
1.00 
0.90 
0.85 
0.85 
-
0.90 
1.00 
0.85 
1.00 
0.90 
-
-
LA/cm^ 
5.19 
5.02 
5.62 
5.71 
5.71 
NS* 
4.44 
3.57 
3.43 
3.87 
3.63 
0.35 
0.72 
SC /cm^ 
4629 
5013 
3797 
4297 
4998 
457.79 
3577 
5679 
4666 
4402 
4414 
603.95 
528.57 
CFI 
24024 
25165 
19205 
20855 
24258 
NS* 
14294 
20274 
13604 
17036 
14421 
NS* 
NS* 
*Nonsignificant 
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Isolates belonging to asexual population differed 
significantly for all the attributes except composite fitness 
index. Highest infection frequency was observed in isolates 
HPl and NH2 followed by isolates P3, HP21 (IF 0.90 each) 
and HPl5 (IF 0.85). Isolate P3 produced significantly highest 
lesion area than rest of the isolate belonging to asexual 
populations. Next in order was isolate NH2 which was at par 
with isolates HP21 and HPl (LA 3.87, 3.63 and 3.57 cm^ 
respectively; LSD005 0.35). Isolate HPl 5 produced smallest 
lesions (LA 3.43 cm ), but it was statistically at par with isolate 
HPl and HP21. Sporulating capacity was highest for isolate 
HPl (SC 5679 spores/cm^ which was followed by isolate 
HPl5; it being at par with HP21 and NH2 (SC 4666, 4414 and 
4402 spores/cm^; LSDo05 603.95). 
Comparison of isolates across the populations revealed 
that they did not differ significantly from each other with 
regard to composite fitness index. However, significant 
differences were recorded with regard to lesion area and 
sporulation capacity. All the isolates belonging to sexual 
populations produced significantly higher lesion area as 
compare to all the isolates belonging to asexual populations. 
Amongst all the isolates, isolate HPl (asexual) showed highest 
sporulation capacity (5679 spores/cm ). This was followed by 
isolate B (sexual) which was statistically at par with isolate E, 
69 
HP 15 and A. Isolate P3 showed least sporulation capacity 
(3577 spores/cm^) but it was at par with isolate C (Table 12). 
4.3.2 Detached leaf method 
Data on mean over varieties revealed that sexual population was more 
aggressive than the asexual population (CFI 55414.40 and 45696.70, 
respectively; LSDo.os 1832.29). Similar trend was observed with regard to 
fitness components except sporulation capacity (Table 13). 
Data on mean over populations showed that P. infestans was more 
aggressive on cv. Kufri Chandramukhi as compared to cv. Kufri Jyoti (CFI 
78480.90 and 22630.20, respectively; LSD0.05 1832.29). Similar trend was 
observed with regard to all the fitness components (Table 13). Both sexual 
(CFI 85182.80 and 25646.00 in cv. KCM and cv. KJ, respectively; LSD0.05 
2712.32) and asexual population (CFI 71779.00 and 19614.40 in cv. KCM and 
cv. KJ, respectively; LSD0.05 2367.49) also followed the same trend (Table 
14). 
4.3.2.1 Variability within sexual and asexual populations 
Data on variability within sexual and asexual populations 
revealed that isolates differed in respect of fitness as well as its 
components within both the populations when tested on cv. Kufri 
Chardramukhi and Kufri Jyoti. 
4.3.2.1a Cv. Kufri Chandramukhi 
Data on variability within populations revealed that in 
sexual population isolates differed significantly in their 
composite fitness index. Highest composite fitness index was 
recorded in isolate D (CFI 95471) followed by isolate E, which 
70 
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was statistically at par with isolate B and A (CFI 86071, 84846 
and 80062, respectively; LSDQ.OS 8952.36). Isolate C recorded 
lowest composite fitness index but it was statistically at par 
with isolate A (CFI 79464 and 80062, respectively; LSD0.05 
8952.36). Fitness components however did not follow this 
trend. All the isolates recorded equal IF (1.00 each). 
Differences between isolates with regard to lesion area were 
non-significant. Isolate C recorded lowest sporulation capacity 
(8400 spores/cm^) whereas rest of the isolates were at par with 
each other (SC 10659, 10199, 10189 and 10055 spores/cm^ in 
isolates B, A, D and E, respectively; LSDQ.OS 738.71). 
P. infestans isolates within asexual populations differed 
significantly in their composite fitness index as well as in 
respect of all of its components. Highest composite fitness 
index was recorded in isolate P3, but it was at par with isolate 
NH2 (CFI 77400 and 74648, respectively; LSD0.05 3968.40). 
Isolate HP21 recorded least composite fitness index but it was 
at par with isolate HP 15 (CFI 66673 and 67206, respectively; 
LSDQ.OS 3968.40). Almost similar trend was observed with 
regard to lesion area (Table 15). Amongst all the isolates 
sporulation capacity was highest in isolate HPl (10868 
spores/cm^). This was followed by isolate P3, which was at par 
with isolate NH2 and HPl5 (SC 9885, 9835 and 9740 
spores/cm^ respectively; LSDQ.OS 452.18). Isolate HP21 had the 
least sporulafion capacity (9286 spores/cm ). 
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Table 15. Aggressiveness of sexual and asexual population of cv. Kufri 
Chandramukhi on detached leaves 
Population Isolate No. IF LA /cm' SC /cm' CFI 
Sexual 
population 
LSDo.05 
Asexual 
population 
A 
B 
C 
D 
E 
P3 
HPl 
HP15 
NH2 
HP21 
1.00 
1.00 
1.00 
1.00 
1.00 
-
1.00 
0.90 
1.00 
1.00 
1.00 
7.85 
7.96 
9.46 
9.37 
8.56 
NS* 
7.83 
7.46 
6.90 
7.59 
7.18 
10199 
10659 
8400 
10189 
10055 
738.71 
9885 
10868 
9740 
9835 
9286 
80062 
84846 
79464 
95471 
86071 
8952.36 
77400 
72968 
67206 
74648 
66673 
LSD 0.05 0.28 452.18 3968.40 
LSDo.05 Population x isolate 0.51 327.60 8000.55 
''Nonsignificant 
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Comparison of isolates across the populations revealed 
that isolates differed significantly in their composite fitness 
index as well as its components. All the isolates belonging to 
sexual populations showed higher composite fitness index 
values as compared to those belonging to asexual population. 
Similar trend was observed with regard to lesion area. As 
regard to sporulation capacity, isolate HPl belonging to asexual 
population recorded highest sporulation capacity which was at 
par with isolates B from sexual populations (SC 10868 and 
10659 spores/cm, respectively; LSD005 327.60). Isolates C 
belonging to sexual populations had the lowest sporulation 
capacity (8400 spores/cm ) (Table 15). 
4.3.2.1b Cv.KufriJyoti 
Data on variability in isolates within population 
revealed that isolates within both the populations differed for 
composite fitness index as well as for its components (Table 
16) Amongst sexual population isolate D showed highest lesion 
area which was at par with isolate C (LA 6.70 and 6.38 cm , 
respectively; LSD005 0.41). Isolate A although produced 
smallest lesions but it was at par with isolate E and B (LA 5.62, 
5.71 and 5.78 cm, respectively; LSD005 0.41). Sporulation 
capacity and CFI did not follow this trend. Isolate B showed 
highest SC, which was at par with isolate E (SC 5174 and 5137 
spores/cm , respectively; LSD005 390.60). Isolate C produced 
least number of spores but it was at par with isolate D (SC 4012 
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Table 16. Aggressiveness of sexual and asexual population of cv. Kufri Jyoti on 
detached leaves 
Population 
Sexual 
population 
LSDo.05 
Asexual 
population 
LSDo.05 
Isolate No. 
A 
B 
C 
D 
E 
P3 
HPl 
HP15 
NH2 
HP21 
LSDo.05 Population x isolate 
IF 
1.00 
1.00 
0.90 
0.85 
0.85 
-
1.00 
1.00 
0.90 
0.85 
0.85 
-
-
LA /cm^ 
5.62 
5.78 
6.38 
6.70 
5.71 
0.41 
5.76 
5.19 
4.20 
4.09 
3.81 
0.63 
0.45 
SC /cm^ 
4556 
5174 
4012 
4346 
5137 
390.60 
3511 
5349 
5335 
4699 
4195 
597.40 
223.55 
CFI 
25605 
29906 
23037 
24750 
24932 
2010.20 
20223 
27761 
20166 
16336 
13586 
3811.72 
2725.48 
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and 4346 spores/cm^ respe^vely; LSD005 390.6).^H[^^est CFI 
was recorded for isolate B (29^o'^)' \V]ii'(3\l-waSK)llowed by 
isolate A, it being statistically at par with isolate E and D (CFI 
25605, 24932 and 24750, respectively; LSD005 2010.20). 
Isolate C recorded lowest composite fitness index but it was 
statistically at par with isolate D (CFI 23037 and 24750, 
respectively; LSDo 05 2010.20). 
Within asexual population isolate P3 produced highest 
lesion area which was at par with isolate HPl (LA 5.76 and 
5.19 cm , respectively; LSDo05 0.63). Remaining isolates 
HP 15, NH2 and HP2 were at par with each other. Isolate HPl 
showed highest sporulation capacity but it was at par with 
isolate HP15 (SC 5349 and 5335 spores/cm^ respectively; LSD 
597.40). Isolate NH2 and HPl were at par with each other but 
were significantly better than isolate P3. Composite fitness 
index was significantly highest for isolate HPl (27761) 
followed by isolate P3 which was statistically at par with 
isolate HP15 (CFI 20223 and 20166, respectively; LSDo 05 
3811.72). Isolate HP21 showed least composite fitness index 
but it was at par with isolate NH2 (CFI 13586 and 16336, 
respectively; LSDo 05 3811.72). 
Variability in isolates across the populations revealed 
that isolate B belong to sexual population was most aggressive 
but it was at par with isolate HPl from asexual populations 
(CFI 29906 and 27761, respectively; LSDo05 2725.48). Except 
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HPl, all the isolates belonging to asexual populations were less 
aggressive than the isolates from sexual population. Similarly, 
except isolate P3, all isolates belonging to asexual population 
produced smaller lesion area. As for sporulation capacity, 
asexual isolates HPl and HP 15 scored over all other isolates 
(Table 16). 
4.4 Comparative aggressiveness of isolates collected over the years 
Three isolates collected during each of the three years 1992, 1996 and 1999 
were compared for their aggressiveness on cvs. Kufri Chandramukhi and Kufri Jyoti 
using whole plant and detached leaf methods. Aggressiveness was assessed by 
estimating fitness components viz., infection frequency, lesion area, sporulation 
capacity and composite fitness index. 
4.4.1 Whole plant method 
Data on mean over varieties and isolates revealed that isolates 
collected during the year 1999 were significantly most aggressive than the 
isolates collected during year 1996 and 1992 (CFI 49908.44, 40713.99 and 
38471.26, respectively; LSD005 2058.26). Almost similar trend was observed 
with regard to fitness components viz. sporulation capacity (SC 7916.84, 
7300.67 and 6961.83 spores/cm^ in the year 1999, 1996 and 1992, 
respectively; LSD005 108.69) and lesion area (LA 5.69, 4.65 and 4.68 cm^ in 
1999, 1996 and 1992, respectively; LSD005 0.22). However, infection 
frequency was highest in respect of isolates collected during 1992 which was 
followed by isolates collected during 1999 and 1996 (IF 1.00, 0.97 and 0.93, 
respectively). 
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Data on mean over years and isolates revealed that P. infestans was 
more aggressive on cv. Kufri Chandramukhi as compared to cv. Kufri Jyoti 
(CFI 74196.64 and 11865.82, respectively; LSDQOS 1680.56). Similar trend 
was observed with regard to all the fitness components. Interaction between 
year and variety was significant for composite fitness index and for all its 
components except lesion area (Table 17). 
4.4.1.1 Cv. Kufri Chandramukhi 
Comparison of isolates within year groups revealed that the 
isolates collected during 1992 did not differ significantly from each 
other in their aggressiveness. Similar trend was observed with regard 
to lesion area and infection fr^ equency. Isolate UP3 produced 
highest sporulation capacity but it was at par with isolate B3. Isolate 
Bl produced least spores/cm area but it was at par with isolate B3 (SC 
10263, 10094 and 9924 spores/cm^ respectively, of isolates UP3, B3 
and Bl, respectively; LSDQOS 200.61). Similar trend was observed with 
regard to isolates collected during 1996. Isolate HP5 produced highest 
sporulation capacity (11729 spores/cm ). Isolate HPl produced least 
spores/cm^ but it was at par with isolate HPl7 (SC 10758 and 10889 
spores/cm , respectively; LSDQOS 539.28). Comparison of isolates 
collected during 1999 showed that isolate HPl5 was most aggressive 
followed by isolates NH3 and HP14 (CFI 90674.74, 80034.15 and 
79339.37, respectively; LSDQQS 8324.48). Highest sporulation capacity 
was observed in isolate HP 15 followed by isolates HP 14 and NH2 (SC 
11822, 11273 and 10889 spores/cm^ respectively; LSDQQS 518.55). 
Isolates NH3 and HPl 5 showed highest infection frequency (IF 1.00 
79 
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each) whereas isolate HP14, showed the least of it (0.90). Isolates 
however did not differ from each other for their lesion area (Table 18). 
Comparison of isolates over the years revealed that isolates 
collected during 1999 were found to be most aggressive which was 
followed by isolates collected during 1996 and 1992. However, no 
such trend was observed with regard to sporulation capacity. Isolate 
HP 15 collected during 1999 showed highest sporulation capacity 
followed by isolate HP5 collected during 1996 (SC 11822, and 11729 
spores/cm , respectively; LSD0.05 258.60). All the isolates belonging 
to year 1999 showed comparatively more lesion area than the isolates 
collected during other two years but the differences were statistically 
non-significant. 
4.4.1.2 Cv. Kufri Jyoti 
Comparison of isolates within each year groups revealed that 
isolates collected during 1992 followed similar trend as observed on 
cv. Kufri Chandramukhi. No significant difference was observed 
among isolates collected during 1996 for composite fitness index and 
any of its components. Amongst 1999 isolates, isolate HP14 proved 
most aggressive followed by isolates HP 15 and NH3 (CFI 18160.20, 
18030.40 and 13197.78, respectively; LSD0.05 2974.04). However, 
none of the isolates differed significantly for lesion area and 
sporulation capacity. 
Comparison of isolates over the years revealed that isolates 
collected during 1999 were most aggressive followed by isolates of the 
year 1992 and 1996. No such clear cut differences were observed with 
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Table 18, Aggressiveness of P. infestans isolates on cv. Kufri Chandramukhi whole 
plant collected over the years 
Year of 
Collection 
1992 
LSDo.05 
1996 
LSDo.05 
1999 
Isolate 
No. 
UP3 
B3 
Bl 
HPl 
HP5 
HP17 
NH3 
HP14 
HP15 
Mating 
Type 
A, 
A, 
A, 
A2 
A2 
A, 
A, 
A2 
A2 
IF 
1.00 
1.0 
1.00 
-
1.00 
1.00 
1.00 
-
1.00 
0.90 
1.00 
LA /cm^ 
6.71 
6.58 
6.45 
NS* 
6.45 
6.45 
6.38 
NS* 
7.35 
7.82 
7.67 
SC /cm^ 
10263 
10094 
9924 
200.61 
10758 
11729 
10889 
539.28 
10889 
11273 
11822 
CFI 
68864.73 
66418.52 
64009.80 
NS* 
69389.10 
75652.05 
69471.82 
NS* 
80034.15 
79339.37 
90674.74 
LSD 0.05 NS" 518.55 8324.48 
LSDo.05 Year x isolates NS^ 258.60 6933.41 
^Nonsignificant 
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regard to sporulation capacity. Two of the isolates HP 15 and HP 14 
belonging to 1999 showed higher sporulation capacity which was 
followed by isolate UPS collected during 1992 (SC 4720, 4484 and 
4318 spores/cm^, respectively; LSDoos 287.93). Least sporulation 
capacity was observed for the isolate HP5 collected during the year 
1996 which was at par with isolates Bl and HPl belonging to 1992 
and 1996, respectively, (SC 3315, 3342 and 3528 spores/cm^ 
respectively; LSDo 05 287.93) (Table 19). 
4.4.2 Detached leaf method 
Data on mean over variety and isolates revealed that isolates collected 
during 1999 were most aggressive which was followed by isolates collected 
during 1996 and 1992 (CFI 57494.69, 47743.05 and 44589.31, respectively; 
LSDo 05 2148.02). Similar trend was observed with regard to lesion area and 
sporulation capacity. Isolates of the year 1992 showed highest infection 
frequency which was followed by the isolates collected during 1999 and 1996 
(IF 1.0, 0.97, 0.93, respectively). 
Data on mean over isolates and years revealed that P. infestans was 
significantly aggressive on cv. Kufri Chandramukhi as compared to cv. Kufri 
Jyoti (CFI 84591.22 and 15277.86, respectively; LSDoos 1753.85). Similar 
trend was observed with regard to lesion area, sporulation capacity and 
infection frequency. Interaction between the year and the variety was 
significant for composite fitness index as well as for all its components (Table 
20). 
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Table 19, Aggressiveness of P. infestans isolates on cv. Kufri Jyoti whole plant 
collected over the years 
LSDo.os Year x isolates 
Nonsignificant 
Year of 
Collection 
1992 
LSDo.os 
1996 
LSDo.os 
1999 
LSDo.os 
Isolate 
No. 
UP3 
B3 
Bl 
HPl 
HP5 
HP17 
NH3 
HP14 
HP15 
Mating 
Type 
A, 
A, 
A| 
A2 
A2 
A, 
A, 
A2 
A2 
IF 
1.00 
1.00 
1.00 
-
0.90 
0.85 
0.85 
-
0.90 
1.00 
1.00 
LA /cm^ 
2.47 
2.77 
3.07 
NS* 
2.92 
2.83 
2.83 
NS* 
3.40 
4.05 
3.82 
NS* 
SC /cm^ 
4318 
3830 
3342 
522.74 
3528 
3315 
3585 
NS* 
4313 
4484 
4720 
NS* 
CFI 
10665.46 
10609.10 
10259.94 
NS* 
9271.58 
7974.23 
8623.71 
NS* 
13197.78 
18160.20 
18030.40 
2974.00 
NS=' 287.93 2370.44 
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4.4.2.1 Cv. Kufri Chandramukhi 
Data on variability within year groups revealed that isolates for 
the year 1992 did not differ significantly from each other in their 
aggressiveness as well as its components except sporulation capacity. 
Isolates UP3 showed highest sporulation capacity which was at par 
with isolate B3. Whereas least sporulation capacity was exhibited by 
isolate Bl (SC 10569, 10066 and 9563 spores/cm^, respectively; 
LSDoos 513.33). Similar trend was observed for the isolates collected 
during 1996. Isolate HP 17 showed highest sporulation capacity, 
which was at par with isolate HP15 (12046, 11215 spores/cm^, 
respectively; LSDoos 1046.02). All the isolates collected during the 
year 1999 were at par with each other for all the attributes (Table 21). 
Variability in isolates over the years revealed that all the 
isolates collected during 1999 showed higher aggressiveness followed 
by the isolates collected during the year 1996 and 1992. Amongst all 
the isolates, isolate HP 17 collected during the year 1996 showed 
highest sporulation capacity (12046 spores/cm ), which was followed 
by isolate HP 14 collected during the year 1999, it being at par with 
isolate HP5 and HP15 belonging to year 1996 and 1999 (SC 11360, 
11215, 11210 spores/cm^ respectively; LSDoos298.69). 
4.4.2.2 Cv. Kufri Jyoti 
Extent of variability with regard to composite fitness index and 
its component was limited within and between the year groups as no 
significant difference was observed for composite fitness index and 
any of its components (Table 22). However isolates collected during 
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Table 21, Aggressiveness of P. infestans isolates on cv. Kufri Chandramukhi 
detached leaves collected over the years 
Year of 
Collection 
1992 
LSDo.05 
1996 
LSDo.05 
1999 
LSDo.05 
LSDo.05 Year x 
* Nonsignificant 
Isolate 
No. 
UP3 
B3 
Bl 
HPl 
HP5 
HP17 
NH3 
HP14 
HP15 
isolates 
Mating 
Type 
Ai 
A, 
Ai 
A2 
A2 
A, 
A, 
A2 
A2 
IF 
1.00 
1.00 
1.00 
-
1.00 
1.00 
1.00 
-
1.00 
0.90 
1.00 
-
-
LA /cm^ 
7.18 
7.35 
7.53 
NS* 
7.70 
7.57 
7.30 
NS* 
8.55 
8.73 
8.99 
NS* 
NS* 
SC /cm^ 
10569 
10066 
9563 
513.33 
10003 
11215 
12046 
1046.02 
10479 
11360 
11210 
NS* 
298.69 
CFI 
75885.42 
73985.10 
72009.39 
NS* 
77023.10 
84897.55 
87935.80 
NS* 
89595.45 
89255.52 
100777.90 
NS* 
6941.35 
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Table 22. Aggressiveness of P. infestans isolates on cv. Kufri Jyoti detacfied leaves 
collected over the years 
Year of 
Collection 
1992 
LSDo.05 
1996 
LSDo.05 
1999 
LSDo.05 
LSDo.05 Year 
Isolate 
No. 
UPS 
B3 
Bl 
HPl 
HP5 
HP17 
NH3 
HP14 
HPl 5 
X isolates 
Mating 
Type 
A, 
A, 
A, 
A2 
A2 
A, 
A, 
A2 
A2 
IF 
1.00 
1.00 
1.00 
0.90 
0.85 
0.85 
0.90 
1.00 
1.00 
LA /cm^ 
3.33 
3.65 
3.98 
NS* 
3.77 
3.91 
3.98 
NS* 
4.04 
4.22 
4.31 
NS* 
NS* 
SC /cm^ 
4332 
4175 
4018 
NS* 
3825 
3545 
3489 
NS* 
4359 
4550 
4694 
NS* 
NS* 
CFI 
14425.56 
15238.75 
15991.64 
NS* 
12978.23 
11781.81 
11803.29 
NS* 
15849.32 
19201.00 
20231.14 
NS* 
NS* 
* Nonsignificant 
88 
the year 1999 showed higher aggressiveness, which was followed by 
the isolates collected in the year 1992. Isolates collected during 1996 
were least aggressive. Similar trend was observed with regard to 
sporulation capacity and lesion area. 
4.5 Comparative aggressiveness of Ai and A2 mating type isolates 
Out of nine isolates collected over the years (1992, 1996 and 1999), five 
belonged to A] mating type and the remaining four belonged to A2 mating type. Data 
on mean over varieties on whole plant revealed that the two mating types did not 
differ significantly for composite fitness index as well as for its components. 
However, their aggressiveness varied with cultivars. No differences were observed on 
cv. Kufri Chandramukhi with regard to composite fitness index and lesion area. 
However, A2 mating type showed significantly higher sporulation capacity than the 
Ai mating type (SC 11339.50 and 10411.80 spores/cm^ respectively; LSD005 706.57). 
The trend on cv. Kufri Jyoti was just opposite to it, where A2 mating type proved 
comparatively by more aggressive than Aj mating type (CFI 13359.10, 10671.20, 
respectively; LSD005 2118.94). A2 mating type also produced higher lesion area as 
compared to A] mating type (LA 3.41 and 2.91 cm , respectively; LSD005 0.59) 
(Table 23). 
Aggressiveness of the two mating types did not follow the above trend when 
tested on detached leaf Data on mean over varieties revealed that A| and A2 mating 
types did not differ significantly for composite fitness index as well as its 
components. Similar trend was observed when compared on cv. Kufri Jyoti. Response 
on cv. Kufri Chandramukhi was however, different. Like whole plant A2 mating type 
proved more aggressiveness than the Ai mating type (CFI 87988.52 and 79882.23; 
LSD0051173.94) (Table 24). 
89 
-fcj 
e 
"H. 
^ 
"o JS 
^ 
a 
o 
u A 
u 
S^ 
w 
,A 
• * j 
fc. 
> o 
-B 
V 
- M 
u 
<u 
^ 
o 
l/i 
«! 
o 
a 
61) 
e 
• * • 
ts s 
ss 
< 
C M 
O 
se 
-^ait 
8 
u 
O 
B 
o u 
en 
S 
c 
• w 
a 
«2 
o 
gj 
> 
e 
^ 
• 
es 
H 
1 
! 
j 
B 
U 
C/5 
r^  
B 
^ 
*-} 
1 
1 
c 
s i (U 
s 
I 
! 
S 
o t=4 
!=! 1 CS 
s 
s u 
§ 
D S 
S u t^ 
s 
u 
t^ 
> j 
H 
o 
i n 
i n 
^ H 
( N 
O 
'^ 
o 
<N 
o 
o 0 0 
a^ 
l O 
ON 
^O 
o 
r-
^' 
'^ 
r-
r-
0 0 
m 
0 0 
^ 
rr 
o , _ i 
o 
0 0 
'+• 
ON 
(N 
ON 
VO 
^ 
r-
ON 
o 
i n 
ON 
d 
o 
q 
^^  
^ 
< 
^ 
^ 
^ VO 
O 
^ 
o 
T - H 
ON 
l O 
m 
CN) 
0 0 
m 
M3 
0 0 
r--
r^ 
\£) 
ro 
O 
t--
o 
i q 
ON 
1 - H 
,__! 
MD 
( N 
i r i 
'^ 
CO 
O 
—t 
r-
^ 
O N 
d 
ON 
d 
0 0 
ON 
d 
r< 
< 
* 
GO 
* 
Gn 
* 
00 ;2 
a 
^ 
(3C 
** 
R 
S 
o 
o 
Q !/J 
NJ 
* 
i n 
o 
* 
GO Z 
^ 
U 
^ 
a 
^ 
bi) 
c 
S in 
o 
o 
p !/5 
>-l 
O N 
0 0 
(N 
* 
2 
O N 
i n 
d 
i ^ 
;^ 
a 
^ 
M) 
JP 
S 
o 
o 
Q 
05 
^ 
CO 
*Q 
•SP 
c 
o 
Z 
9o 
Vi 
<U 
> 
•a 
V 
.A 
0) 
fi 
o 
ee 
U 
cs 
V 
>^  
u ja 
• • -
b. 
0) 
> o 
•a 
* J 
"o 
w 
sn 
,5 
•^ * u 
a 
^ 
bc 
,fl 
' • * * 
« S 
M 
< 
-o 
c 
:« 
, M 
< 
o 
c 
o 
a 
S 
o u 
c« 
se 
- ^ d 
h 
«2 
-3 
C M 
O 
a 
13 
>• 
e 
u 
s 
* 
2 R 
H 
U 
c 
« V 
S 
1^  
, ^ 
u 
u. 
1 
§ 
1 D 
i ^ 
i 
r< 
s 
u 
^ 
1—J 
^ 
, 
s O 
^ 
D 
S 
1 
f^ 1 
^ 
NJ 
fU 
s 
i ^ 
§ 
D 
s 
s u ;^  
U) 
S « 
r-- 0 0 
ON CN 
T-H' 0 0 
( N O 
Tj- l O 
r-- o 
^ 0 0 
O^ O 
-si- VO 
^ i ^-^ 
m (N ( N l O 
( N 0 0 
0 0 0 0 
0 0 ON 
0\ r~~ t~~- 0 0 
O yr\ 
^ CM 
O N O 
t-- r~-
o o 
VO U^ 
O - H 
" * • * 
o o 
VO O 
^' r-^  
'^ '^ IT) ON 
o o f—H r-H 
O N yr\ 
'\C> I—1 
vS vo 
o >n 
0 0 O 
0 0 i n 
r-^ 0 0 
0 0 
ON M3 
d <^  
o 
ON ON 
d d 
O 0 0 
P ON 
^ d 
« r< 
< ^ 
* 
Z 
* C/3 
z 
* 
^ 
a 
^ 
bc 
_a 
«8 
^ 
>rj 
o 
o Q 
c« 
H^ 
O N 
en 
^ 
0 0 
Tt; 
0 0 
* 
* 
* 
* 
GO 
Z , Z 
t 
S 
U 
;^ 
>«i 
a 
^ 
bt 
.2 
S in 
o d 
Q 
c« 
1 ^ 
;i^ 
>< 
!» 
V a 
^ 
bC 
£ 
S 
V ) 
d 
Q y i 
J J 
c 
a 
o 
'S 
_ap 
(/J 
c 
o 
Z 
9l 
4.6 Molecular characterization of P. infestans using RAPD as a marker 
Ten oligotide primers were used to determine homology between different 
isolates of P. infestans. A total 161 bands were recorded (molecular weight range 
295-1869) among the 67 P. infestans isolates. The maximum number of bands (25) 
were generated with OPA08 primer whereas minimum number of bands (10) were 
found in 0PD13 primer (Table 2, Plates 8-12). All the isolates were clearly distinct 
from each other with an average similarity of 0.52 (SD=±0.15). The similarity values 
among isolates ranged from 0.15 (between isolates HP6 and UP 17) to 0.90 (between 
isolate UP13 and UP14 and between isolates UP14 and UP15) (Table 25). Genetic 
similarity based on Nei and Li coefficient were used for grouping of isolates on the 
dendogram on the basis of agglomerative clustering. Two major clusters were 
discemable at similarity coefficient of 0.60. Cluster 1 consisted of 20 hill isolates (17 
form HP hills and 3 from Khasi hills) with an average similarity of 0.67 (SD=±0.10). 
Cluster 2 consisted of 30 isolates from subtropical plains (10 from Uttar Pradesh; 9 
from Punjab; 8 from Bihar; 2 from Haryana and 1 from Rajasthan) with an average 
similarity of 0.69 (SD=±0.07). 
Isolates HP5 and HP6 belonging to HP hills were grouped together at 
similarity coefficient of 0.34 and placed on the dendogram as solitary cluster. 
Remaining 15 isolates were distantly placed and no major clustering was discernible. 
Out of these, 13 were from sub tropical plains (9 Uttar Pradesh; 2 Bihar; 1 Punjab and 
1 Rajasthan) and 2 were from Khasi hills with an average similarity of 0.38 
(SD=±0.10) (Fig. 37). The goodness of fit of the trees (dendogram) with the similarity 
values was compared by cophenic correlation analysis. A very high matrix correlation 
(r = 0.92) suggested that the tree is a true reflection of the data. Based on earlier 
studies (Gupta, H., 2000, Gupta, J., 2000) the entire set of isolates were grouped into 
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five major categories viz. mating types, ploidy, physiological races, isozyme genotype 
and geographical regions and analyzed for studying variability within each category. 
Category-wise results are presented below. 
4.6.1 Variability within hills isolates 
Pairwise similarity values among 24 Phytophthora infestans isolates 
collected from Himachal Pradesh and Khasi hills were grouped together with 
an average similarity 0.59 (SD=±0.18). All the isolates were grouped into two 
major clusters. Cluster 1 consisted of three isolates viz. HP5, HP6 and KH5 
with an average similarity of 0.37 (SD=±0.06) while rest of the isolates were 
formed cluster 2 that could be subdivided into five sub-clusters. The closest 
relationship of 0.86 similarity value was found between the isolates HP2 and 
HP15. High level of similarity (0.85) was also observed between HP2 and 
HP8; HP7 and HP18; HP12 and HP8. Isolates HP6 and HPll showed lowest 
similarity value of 0.18 (Fig. 38, Table 26). 
Sixteen isolates from Himachal Pradesh (Shimla hills) were grouped 
together with an average similarity of 0.76 (SD=±0.09). All the isolates were 
grouped into two main clusters. Cluster 1 consisted of two isolates HP5 and 
HP6. Rest of the fourteen isolates were grouped into another cluster with an 
average similarity of 0.77 (SD ±0.08). This Cluster was further divided into 
two sub-clusters, sub-cluster 1 consisted of four isolates viz. HPl, HP3, HP4, 
HP 12 with an average similarity of 0.68 (SD ±0.12). Whereas sub-cluster 2 
consisted of ten isolates with an average similarity of 0.79 (SD ±0.04). The 
second sub-cluster could be further divided into two sub-groups, one sub-
group consisting of four isolates viz. HP7, HP8, HPl6, HP9 with an average 
similarity 0.77 (SD ±0.08), whereas other sub group containing of six isolates 
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viz. HP2, HP15, HPl 1, HP13, HP14, HPIO with an average similarity of 0.78 
(SD ±0.03) (Fig. 39, Table 27). 
Five isolates of Khasi hills were clustered into two groups with an 
average similarity of 0.74 (SD ±0.07). Isolate KH5 clustered on a solitary 
branch of the dendogram with an average similarity value of 0.68 (SD ±0.06) 
with other isolates. Rest of the four isolates were further grouped into two sub-
clustered based on genetic relatedness. Isolate KH3 and KH4 were clustered 
with an average similarity of 0.88 and showed highest degree of genetic 
relatedness, where as isolates KHl and KH2 were clustered together with an 
average similarity 0.80. (Fig. 40, Table 28). 
4.6.2 Variability within sub-tropical plains isolates 
Forty-three P. infestans isolates collected from sub-tropical plains 
consisting of states of Punjab, Bihar, Uttar Pradesh, Haryana and Rajasthan 
having an average similarity of 0.75 (SD ±0.07) were grouped into two main 
clusters. Cluster 1 consisted of 29 isolates out of which nine isolates were 
from Punjab and Uttar Pradesh each, one from Rajasthan, eight from Bihar 
and two from Haryana with an average similarity of 0.79 (SD ±0.05). Cluster 
2 consisted of 14 isolates belonging to Bihar, Uttar Pradesh, Punjab and 
Rajasthan with an average similarity of 0.78 (SD ±0.04). Cluster 1 could be 
sub-divided into two sub-clusters; sub-cluster 1 consisting of nine isolates 
from Uttar Pradesh with an average similarity of 0.84 (SD ±0.05) and sub-
cluster 2 consisting of 20 isolates. Sub-cluster 2 consisted of two sub-groups; 
sub-group 1 consisting of eight isolates from Punjab, one each from Rajasthan 
and Bihar with an average similarity 0.82 (SD ±0.04). The remaining ten 
isolates were clustered into another sub-group consisting of seven isolates 
96 
oo 
OH 
X 
r—t 
OH 
0 ^ 
(DH 
IT) « 
OH 
m 
1 - H 
OH 
X 
^ 
r - H 
PLH 
K 
o 
7—^ 
PH 
X 
f — ( 
OH 
X 
m 
PH 
X 
^ 
PH 
X 
fN 
^ H 
PH 
X 
i n 
PLH 
ffi 
^ 
PH 
X 
00 
'o 
' o (U 
O 
U 
00 
>3 
I / ) 
I 
a 
a 
WD 
B 
•a 
S 
w 
u 
DD 
O 
C 
O) 
JS 
CM 
Os 
OJD 
o 
a. 
o 
o 
o 
o oo 
4> 
•^^ 
cs 
o K 
<» 
x: 
,a t/> 
•a 
L. 
CU 
• — 
J2 
u 
E 
K 
«M 
O 
_x 
s >> 
-h^ 
's2 
_« 
s 1»
y 
4.1 <u 
e a> 
M 
V^ 
'3 Z 
r~-' 
fS 
Qi 
^ 
• ^ ^ 
W 
H 
0. 
I 
(N 
0-
I 
•'"' 
P^  
X 
o 
D-
3: 
ON 
a. 
I 
oo 
OH 
I 
r-
a. 
I 
\o 
a. X 
1/-) 
a. 
X 
-* (X 
a: 
ro 
0-
X 
(N 
Q. 
I 
o 
o 
"^ 
O 00 
O C--
— o 
— o r-~ — 
a. o r-- 00 
X - o o 
o 
o 
—. 
o 
00 
o 
vo 
00 
o 
vo 
r~~ 
o 
o 
o 
— 
^ VO 
o 
o 
VO 
o 
W-1 
^ 
o 
(N 
VD 
O 
O 
O 
— 
00 
'T, 
o 
>o 
t^ 
o 
oo 
00 
o 
0\ 
r~-
o 
00 
00 
o 
o 
o 
r-^ 
m 00 
o 
^ 
^ 
o 
o 
00 
o 
^ 00 
o 
00 
t-~ 
o 
^ 
00 
o 
o 
o 
— 
o 00 
o 
o\ 
r-
o 
o\ VO 
o 
^ 
r--
o 
r-
r^  
o 
^ 
r^  
o 
00 
r-~ 
o 
o 
o 
— 
^ 
00 
o 
lo 
r~-
o 
r^  
00 
o 
^ M5 
O 
ro 
r~-
o 
n 
00 
o 
lo 
r~-
o 
o 
00 
o 
o 
o 
" 
00 
r~-
o 
OS 
r-
o 
(^  00 
o 
^ 00
o 
^^ VO 
o 
n 
00 
o 
'^  
oo 
o 
oo 
r^  
o 
m 
00 
o 
o 
o 
-^  
00 
r-~ 
o 
\o 
r-
o 
OS 
r-
o 
\o 
r-
o 
so 
r^  
o 
m 
so 
o 
m 
00 
o 
so 
r-
o 
so 
00 
o 
in 
r--
o 
o 
o 
—' 
lo 
so 
o 
00 
in 
o 
OS 
in 
o 
^ 
so 
o 
00 
in 
o 
^ in
o 
so 
r^  
o 
r<-l 
SO 
O 
SO 
in 
o 
r^ 
SO 
O 
m 
»n 
o 
o 
o 
— 
so 
in 
o 
r^  
r--
o 
oo 
t^ 
o 
so 
oo 
o 
'd-
oo 
o 
ro 
00 
O 
00 
oo 
O 
oo 
in 
O 
"* 
t^ 
o 
so 
00 
O 
r-
r-
o 
00 
o 
o 
o 
o 
OS 
in 
o 
o 
00 
o 
rn 
oo 
O 
ro 
t^ 
O 
in 
r-~ 
o 
•~^ 00 
o 
oo 
r-~ 
o 
m 
so 
O 
OS 
r-
o 
o 
00 
o 
OS 
r-
o 
(N 
00 
o 
o 
00 
o 
, 
so 
o 
oo 
r-
o 
™ 
oo 
o 
m 
oo 
o 
00 
r-~ 
o 
so t^ 
o 
m 
oo 
O 
OS 
so 
O 
00 
r-
o 
'd-
00 
o 
00 
o 
o 
00 
o 
00 
o 
oo 
oo 
o 
00 
in 
o 
so 
t^ 
o 
so 
oo 
o 
^ 
oo 
o 
o 
oo 
o 
ro 
00 
O 
so 
oo 
O 
fN 
SO 
o 
rf 
oo 
O 
O 
OS 
o 
00 
r~-
O 
O 
oo 
O 
, — 1 
o. X 
r4 
D-
X 
r^i 
a. 
X 
^ Q-
X 
lO 
OH 
X 
SO 
OH 
X 
r-
OH 
X 
00 
OH 
X 
OS 
OH 
X 
^ H 
OH 
X 
^ i H 
OH 
X 
, — t 
OH 
X 
^^  OH 
3: 
, — 1 
DH 
X 
-^ 
0-
3: 
. r 
0-
X 
91 
X 
I T ) 
o 
ON 
0 0 
(U 
• ^H 
o i+^  
o 
U 
- 4 — » 
" LH 
S 1 
v: 
^ 
"w 
a 
rt 
Q 
ON 
K 
G 
o 
'a 
,£1 
t « 
0) 
-w 
1/1 
on 
Vi 
o 
iSiD 
o 
a 
o 
WD 
00 
o 
I I 
es 
© 
"u 
cs 
i n 
rn o 
o 
o 
o 
O VO 
—" d 
00 
00 
•^ O 
(N O 
o 
— o 
IT) 
d 
<u 
B 
01 
OX) 
o 
o 0\ 
^ o 
i n o 
00 
3 
H 
98 
from Bihar, Haryana and Punjab with an average similarity of 0.82 (SD 
±0.03). In the second cluster isolates Rl and UP9 formed distinct branches on 
the dendogram. Pairwise similarity values ranged from 0.73 to 0.78; 0.69 to 
0.80, respectively. Remaining twelve isolates consisted of two isolates from 
Bihar, one from Punjab and nine from Uttar Pradesh (Fig. 41, Table 29). 
The similarity value amongst nineteen isolates of Uttar Pradesh ranged 
from 0.57 between isolates UP9 and UPS and 0.94 between isolates UP15 and 
UP14 with an average similarity of 0.77 (SD ±0.07). The isolates were 
grouped into two main clusters in the dendogram based on genetic relatedness. 
Nine isolates viz. UPl, UP2, UPS, UP12, UP13, UP14, UPIS, UP16 and UP17 
were clustered together with an average similarity of 0.8S (SD ±0.0S). The 
another cluster consisted often isolates viz. UP3 UP18, UP19, UPll, UP4, 
UP7, UP8, UPIO, UP6 and UP9 with an average similarity of 0.80 (SD ±0.04) 
(Fig. 42, Table 30). 
The similarity values amongst ten isolates collected from Punjab 
ranged from 0.S9 between P9 and P4 isolates to 0.89 between P2 and P7 and 
between P8 and PIO isolates with an average similarity of 0.79 (SD ±0.07). P4 
isolate was clustered on a solitary branch of the dendogram with an average 
similarity of 0.66 (SD ±0.0S) with other isolates. The remaining 9 isolates 
formed a single cluster with an average similarity of 0.82 (SD ±0.03). PI 
formed a solitary branch with other isolates. Similarly P3 and P9 isolates also 
formed a solitary branch with similarity value of 0.68 to 0.8S and 0.60 to 0.86, 
respectively. The remaining six isolates were clustered in two groups, each 
group consisting of four and two isolates, respectively, with an average 
similarity of 0.86 and 0.8S, respectively (Fig. 43, Table 31). 
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The similarity values amongst ten isolates collected from the state of 
Bihar ranged from 0.66 between B4 and B7 isolates to 0.88 between Bl and 
B2 isolates with an average similarity of 0.80 (SD ±0.05). All the isolates were 
grouped in two main clusters. Cluster 1 consisted of two isolates, B4 and B5 
with an average similarity of 0.83. The remaining isolates were clustered into 
another group with an average similarity of 0.82 (SD ±0.03) (Fig. 44, Table 
32). 
4.6.3 Variability in mating types 
A| and A2 mating type isolates did not form distinct clusters. Some of 
the Ai mating type isolates (UPl) were closely related to A2 mating type 
isolates (UP2) with similarity coefficient of 0.86. Whereas, there were isolates 
within the two mating types population which were distantly related UP 17 
(Ai) and HP6 (A2) with an average similarity of 0.15 (Fig. 37, Table 25). 
The similarity values amongst the thirty-three isolates of A| mating 
type ranged from 0.94 between UP 14 and UP 15 to 0.52 between UP9 
and HP5 isolates with an average similarity of 0.74 (SD ±0.07). Isolate 
UP9 represented by a solitary branch in the phenogram had maximum genetic 
divergence from the remaining isolates. Average similarity of UP9 with other 
isolates was, (SD ±0.07). Remaining thirty-two isolates were grouped into two 
main clusters. Cluster 1 consisted of six isolates with an average similarity of 
0.79 (SD ±0.03). All of the isolates belonged to hill region. Remaining 
twenty-six isolates were grouped into Cluster 2 with an average similarity of 
0.76 (SD ±0.06). All isolates of Cluster 2 belonged to sub-tropical planes 
except isolate HP 18. Cluster 2 was further divided into two sub-clusters. 
Sub-clusters 1 consisted eight isolates with an average similarity 
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of 0.70 (SD ±0.05) out of which five isolates were from Uttar Pradesh, two 
isolates from Bihar state and one from HP hills. Sub-cluster 2 consisted of 
eighteen isolates with an average similarity of 0.81 (SD ±0.04), out of which 
eight isolates were from Bihar, two isolates were from Haryana, one isolate 
from Rajasthan and seven isolates from Uttar Pradesh (Fig. 45, Table 33). 
The similarity values amongst 32 P. infestans isolates of A2 mating 
type ranged from 0.90 between isolates P2 and P7 and HP 14 and KHl to 0.58 
between isolates UPS and P7; UPS and P9; PS and HP6; P9 and HP6; HPS and 
P4 with an average similarity of 0.73 (SD ±0.07). All the isolates were 
grouped into two main clusters. Clusters 1 consisted of eight isolates with an 
average similarity of 0.75 (SD ±0.05), out of which two were from hill region 
whereas six were from the plains. Remaining 24 isolates were grouped into 
cluster 2 with an average similarity of 0.76 (SD ±0.05). Cluster 2 was further 
divided in two sub-clusters. Sub-cluster 1 consisted of only Plains isolates 
with an average similarity of 0.82 (SD ±0.05) whereas sub-cluster 2 consisted 
only of hill isolates with an average similarity of O.SO (SD ±0.04) (Fig. 46, 
Table 34). 
4.6.4 Variability in isozyme genotype 
Gpi genotype 
Thirty-one isolates of seven different Gpi genotypes viz. 90/90, 
100/100, 100/111, 111/111, 100/107, 107/111, 107/107 studied had an average 
similarity of 0.73 (SD ±0.06). Average similarity varied with genotypes. 
Highest similarity was recorded in genotype 100/111 (0.80, SD ±0.05) 
followed by genotype 90/90 (0.76); 111/111 (0.75); 100/100 (0.73; SD ±0.07); 
107/111 and 107/107 (0.72 each). 
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The similarity value amongst thirty-one isolates ranged from 0.53 
between HP5 and P9 isolates {Gpi 100/100) to 0.91 between isolates HI and 
H2 {Gpi 110/111). All the isolates were grouped into two main clusters. 
Cluster 1 contained six isolates, out of these four belonged to 100/100 Gpi, 
one to 107/111 Gpi and one to 107/107 Gpi with an average similarity of 0.77 
(SD ±0.03). Cluster 2 consisted of 25 isolates, which was further divided into 
two sub-clusters. Sub-cluster 1 consisted of eleven isolates, out of these two 
isolates belonged to 90/90 Gpi, seven to 100/100 Gpi and to 111/111 (2 of 
111/111) Gpi with an average similarity of 0.80 (SD ±0.04). Sub-cluster 2 
consisted of 14 isolates, out of these four isolates belonged each to 100/100 
and 100/111 Gpi, two isolates each of 107/107 and 107/111 Gpi, one each of 
100/107 and 111/lllGp/ with an average similarity of 0.80 (SD ±0.04). (Fig. 
47, Table 35). 
Similarity value of 100/100 Gpi isolates ranged from 0.53 between P9 
and HP5 isolates to 0.88 between HP2 and HP8 and between KH3 and HP9 
isolates. HP5 isolate was clustered on a solitary branch of the dendogram with 
an average similarity of 0.66 (SD ±0.06) with other isolates. The remaining 
isolates were clustered into single group. Isolate P9 clustered on a solitary 
branch with remaining 13 isolates. Remaining 13 isolates were grouped into 
two sub-clusters. Sub-cluster 1 had seven hill isolates with an average 
similarity of 0.81 (SD ±0.05) whereas sub-cluster 2 contained six isolates, all 
isolates belonging to the plains with an average similarity of 0.78 (SD ±0.04) 
(Fig. 48, Table 36). 
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Peptidase Genotypes 
Three pep genotypes viz. 83/83, 92/92," and 100/100. Average 
similarity varied in the genotype. Highest similarity was recorded mpep 83/83 
(0.83; SD ±0.03) followed by pep 92/92 (0.76; SD ±0.07 and 100/100(0.74; 
SD ±0.06). 
The similarity value amongst 35 isolates consisting of three pep 
genotypes ranged from 0.53 between HP5 and P9 and between P6 and HP5 to 
0.91 between UP 16 and UP 13 and between UPl and UP2. All isolates were 
grouped in two clusters. Cluster 1 consisted of four isolates with an average 
similarity of 0.76 (SD ±0.02), out of these two isolates each were of 92/92 and 
\QQI\mpep. 
The remaining isolates were grouped in cluster 2, which was further 
subdivided into two sub-clusters. Sub-cluster 1 consisted of five isolates of 
pep 83/83, three isolates oipep 100/100 and one isolates of pep 92/92 isolates, 
with an average similarity of 0.84 (SD ±0.04). Sub-cluster 2 consisted of 21 
isolates out of which 10 belonged Xo pep 92/92, 11 Xo pep 100/100, with an 
average similarity of 0.79 (SD ±0.04) (Fig. 49, Table 37). 
Similarity value of pep 83/83 isolates ranged from 0.76 between 
isolates HP3 and HP8 to 0.88 between isolates HP2 and HP8 (Fig. 50, Table 
38). 
Similarity value in respect oi pep 92/92 isolates was higher then the 
pep 83/83 isolate from 0.57 between it ranged B2 and HPl to 0.91 between 
isolates UPl and UP2 (Fig. 51, Table 39). Similarity value in respect of 
100/100/?gp isolates ranged from 0.53 between HP5 and P6 to 0.89 between 
HI and H2 (Fig. 52, Table 40). 
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4.6.5 Variability in polyploids 
Seventeen isolates belonging to different polyploids (diploid, triploid 
and tetraploid) had an average similarity of 0.76 (SD ±0.05). Average 
similarity was highest amongst triploid isolates (0.78, SD ±0.05) which was 
followed by diploid isolates (0.75; SD ±0.05) and tetraploid isolates (0.73; SD 
±0.07). 
All the isolates were grouped into two main clusters. Cluster 1 
consisted of six isolates, out of which four were diploids, one triploid and one 
tetraploid with an average similarity of 0.77 (SD ±0.05). Cluster 2 consisted of 
11 isolates out of which five were diploids, four triploids and two tetraploids 
with an average similarity of 0.80 (SD ±0.04). The cluster 2 was further 
divided in two sub-clusters. Sub-cluster 1 consisted of single isolate P3 
(Diploid, A2 mating type) which was clustered on a solitary branch with an 
average similarity of 0.73 (SD ±0.03) with other isolates. Remaining ten 
isolates were further clustered into two sub-sub-clusters. Sub-sub-cluster 1 
consisted of three isolates (one diploid and two triploids) and sub-sub cluster 2 
consisted of seven isolates of A2 mating type (Three diploids, two triploids 
and two tetraploids) (Fig. 53, Table 41). 
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4.6.6 Physiological races 
Ten P. infestans isolates belonging to ten different physiological races 
were analyzed for their relatedness. The similarity value amongst ten races 
ranged from 0.24 between isolates HPl and UP 10 to 0.84 between isolates Bl 
and UP16 with an average similarity of 0.52 (SD ±0.14). All the races were 
clustered into two groups. Group 1 consisted of races 1.2.3.4, 1.2.3, 
1.3.5.7.10.11, 1.2.4, 1.2.3.4.7.11, 1.3.4.10.11, 1.2.4.7.10, 1.2.4.7.10.11 with an 
average similarity value of 0.53 (SD ±0.13) whereas races 1.2.4.5.7.10 and 
1.2.4.5.7.10.11 were clustered into another group with an average similarity 
value of 0.55 (Fig. 54, Table 42). 
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Discussion 
Late blight caused by Phytophthora infestans was, and still continues to be, 
the most dreaded disease of potato crop world over even after 150 years of in depth 
investigations. Most of the enigma associated with the disease have been de-
mystified, yet absolute control of the disease is still beyond comprehension. Although, 
there are several plausible reasons for it but variability within the causal fungus like 
organism P. infestans and its fall out on the host crop is a major contributing factor. 
Several biological markers have been employed for grouping the pathogen population 
and the resulting population groups in turn have been evaluated in relation to host 
resistance. Mating types is one such biological marker which has been used 
extensively for categorizing pathogen populations and its implications on disease 
development. Uptill 1984, except Mexico, only Ai mating type was known to occur 
throughout the world including India (Tooley et ai, 1985) as a result of series of 
migrations in early 1970 (Fry et ai, 1991) A2 mating type was introduced into Europe 
(Hohl and Iselin, 1984; Malcolmson, 1985; Schober and Rullich, 1986; Tantius et al., 
1986). Subsequently, it was recorded from Asia (Shaw et al., 1985; Grinberger et al., 
1989, Mosa et al., 1989; Singh et al., 1994; Ahmad and Mirza, 1995; Zhiming et al., 
1996), USA (Deahl et al., 1991; 1995), South America (Brommonschenkel, 1988; 
Nustez, 1999), Canada (Deahl et al., 1991) and Africa (Goodwin and Fry, 1991; Fry 
et ai, 1992; Sengooba and Hakiza, 1999). However, there are still few pockets left 
where A2 mating type has not yet been recorded (Adler et ai, 2002). In India, A2 
mating type was detected during 1986 (CPRI, 1986) but systematic research on this 
aspect began since 1990 (Singh et al., 1994). Since then population of the two mating 
types has been closely monitored (Gupta, J., 2000). The new strain (A2 mating type) 
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has since been detected from most of the potato growing regions except few pockets 
(Singh, 2002). 
Ever since introduction of the new strain (A2 mating type) in different parts of 
the world, its further buildup vis a vis the old population (Ai mating type) has not 
followed a definite trend. Marshall-Farar et al. (1998) observed that the new strain 
(A2 mating type) recorded in Wisconsin region (USA) was more aggressive and was 
observed to be fast displacing the old population (Ai mating type). This change in the 
population dynamics of the two mating type has also been reported from other parts of 
USA (Deahl et ai, 1995) and Canada (Chycoski and Punja, 1996; Peters et al., 1998; 
Daayf and Piatt, 1999). A2 mating type was also found to be predominating in Israel 
(Grinberger et al., 1989) and Japan (Mosa et al., 1989; Koh et al., 1994). On the other 
hand, buildup of A2 mating t)^e had been slow in most of the European countries 
(Therrien et al., 1989; Gotz, 1991; O'Sullivan and Dowley, 1991; Andrivon et al., 
1994; Day and Shattock, 1997). In fact recent reports tend to suggest that A2 
frequency has declined in most of the European countries (Hermansen et al., 2000). 
In India, A2 mating type is fast displacing the Ai mating type, but the pace of 
displacement varied from region to region (Gupta, J., 2000), as was the case with 
Canada (Chycoski and Punja, 1996). Displacement of Ai mating type was almost 
complete in North-eastern hills by 1998, whereas in North-western hills the pace of 
displacement was slightly slow (90.9% frequency of A2 mating type in 1997). On the 
other hand, A2 mating type was recorded only at few places in sub-tropical plains. Its 
frequency at these places was lower (36.8%) than the old strain. Differential buildup 
of A2 mating type in different climatic zones in India can be ascribed to varying 
weather conditions. In North-eastem hills the weather remains congenial for late 
blight development almost throughout the season which might have been responsible 
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for fast multiplication of A2 mating type and it's selection over Ai type within a short 
period of time. The weather in North-western hills is, however, moderate and it 
becomes congenial for the fungus for 2-3 months as against five months in North-
eastern hills. This gives little less time to the fungus to multiply over time as 
compared to North-eastern hills which is reflected in the form of slow displacement of 
the AI mating type. Sub-tropical plains normally do not favour late blight 
development. Its only in few years that the weather becomes congenial for late blight 
development, but for a very short period (1-2 weeks) (Singh and Shekhawat, 1999). 
Since the fungus gets little time to multiply the new strain (A2 mating type), 
expectedly, took longer time to multiply and manifest itself (Sharma and Singh, 1999; 
CPRI, 1999). Apparently for this reason, A2 mating type has been reported from three 
locations only in Indian sub-tropical plains (Modipuram, Patna and Jalandhar). It is 
believed that population of A2 mating type will continue to remain low in the years to 
come. Non-detection of A2 mating type at most of the places in sub-tropical plains 
does not mean that it has not been introduced there. In view of the free flow of seed 
material from one region to another, the A2 mating type might have reached all the 
nook and comer of the country. It might take little more time for its population to 
cross the threshold level. 
Present studies were designed to elicit information on population dynamics of 
Ai and A2 mating types under protected controlled environment by mix inoculating 
the isolates of two mating types in equal proportion. Results revealed that 
multiplication of A2 mating type was faster, to the extent that, at 70% DI, entire Ai 
population was displaced by A2 mating type, and subsequently, only A2 mating type 
was recorded till entire crop was killed (Fig. 34) Even tuber infection at harvest 
carried A2 mating type only. Earlier studies (Gupta, J., 2000) also showed that 
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population of A2 mating type increased with increasing clonal generation on detached 
leaves. By if clonal generation, Ai mating type was completely displaced by A2 
mating type suggesting that A2 mating type is definitely more fit and is comparafively 
more competitive than the old strain (Ai mating type). Similar views were expressed 
by Grinberger et al. (1989), Mosa et al. (1989), Fry et al. (1993), Dehal et al. (1995), 
Kato and Fry (1995), Fry and Goodwin (1997b), Kato et al. (1997), Forbes et al. 
(1998), Marshall-Farrar et al. (1998), Miller et al. (1998), Nishimura et al. (1999), 
Sedegui et al. (2000), Bakonyi et al. (2002b) and Hammi et al. (2002).Chycoski and 
Punja (1996) also observed displacement of Ai mating type fi-om mixed colony of Ai 
and A2 mating type after 14 to 16 month. Nevertheless, Ai population is still 
dominating over A2 mating type in Poland (Zarzycka and Sobkowiak, 1997; 
Bartkowiak and Weber, 2000), China (Zhiming et. al, 1996; Jie Hua et al, 2000, 
Weng-Wen Qiao et al, 2002), Italy (Cristinzio and Testa, 1997), Finland and Norway 
(Hermansen et al, 2000), Nepal (Ghimire et al, 2001b), Belgium (Bakonyi et al, 
2002a), Switzerland and France (Knapova and Gisi, 2002) and Egypt (Shaat, 2002). 
So far no plausible reasons have been ascribed for this behavior but this needs through 
investigation. 
Polyploidy in P. infestans was first reported among some British isolates by 
Sansome (1977). Li that report it was speculated that polyploidy is widespread in 
temperate isolates of this species, since tetraploids may be better adapted to the cooler 
climates and, therefore favored by the selecfion pressure. Sansome also reported that 
tetraploid nuclei formed bivalent rather than quadrivalents during meiosis, which may 
therefore behave as functional diploids. Recent evidence presented by Tooley et al, 
(1985) in which tetraploids displayed isoenzyme banding patterns characteristics of 
diploid supports Sansome's (1977) hypothesis that some tetraploids are functional 
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diploids. In another report (Tooley and Therrien, 1987) evidence was presented which 
confirmed Sansome's prediction that polyploidy is wide spread in temperate isolates, 
whereas diploidy is more prevalent in the sexually reproducing Mexican isolates of P. 
infest arts. 
Existence of polyploids both in temperate regions and sub-tropics tend to 
suggest that they have a definite role to play in P. infestans population biology. 
Therrien et al. (1990) had hypothesized that polyploids may act as a barrier to sexual 
reproduction in nature and asexual reproduction might only be possible. Although, it 
has been experimentally demonstrated that P. infestans isolates with different ploidy 
status (2C X 4C) can be crossed and produce germinating progeny but it is still not 
understood what impact it will have on the population biology, especially its 
fitness/aggressiveness. Since European population is predominantly tetraploid, it was 
assumed that tetraploids are more fit under temperate condition (Sansome, 1977). 
However, there is no experimental proof for this. Infact, there is hardly any report on 
comparative fitness/aggressiveness of different polyploids, except that of Gupta, H. 
(2000). This was only preliminary study and needed further confirmation. It was with 
this view that aggressiveness of different polyploids was studied under protected 
condition which simulated field condifions. Results in the present studies revealed that 
in the beginning when the disease severity was low (10-20%), frequency of triploids 
was highest (75%) which was followed by diploids (25%)). Tetraploids were 
altogether absent (below detectable limits). At 30-35% DI, population of diploids 
increased to 50% whereas triploid and tetraploids were 25% each. Thereafter, 
tetraploids were not recorded till crop maturity. Up to 75-80% DI, population of 
diploids and triploids were equal (50:50), however, at 100% DI, population of 
diploids increased to 80%. Based on these results it is concluded that under Indian 
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conditions diploids are more aggressive and fit than the other polyploids. Tetraploids 
seem to be the least fit which supports the earlier view that tetraploids are more suited 
to temperate condifions (Sansome, 1977). Gupta, H. (2000) also reported that in 
Indian population diploids were most aggressive followed by triploids and tetraploids. 
She also reported that in Shimla hills, triploids marginally out-numbered diploids, this 
might be transitional phase as has happened in the case of the Netherlands (Therrien 
et al., 1989), and it is expected that diploids ultimately would become predominant in 
the years to come. 
Development of new physiologic races from a single, or a mixture of races, in 
the presence/absence of host has been investigated in detail in the past (Black et al., 
1953; Gallegly and Eichenmuller 1959; Malcolmson, 1970; Shattock, 1976). When 
two races are mixed, the resultant recombinant race possesses the virulence genes of 
the parents (Leach and Rich, 1969; Shattock, 1976, CPRI, 1985). 
Vegetative hybridity in P. infestans was also demonstrated by Malcolmson 
(1970) who recorded development of new complex races from mixed inoculations. 
Black (1952) inoculated Craigs royal with a mixture of equal quantities of sporangia 
of races 0.4; 1.4; 2.4; 1.3 and 1.3.4. The resultant sporangia were collected and 
reinoculated. Results revealed that the population changed with time, several races 
were lost and race 0.4 and 2.4 continued to sporulate freely indicating that race 0.4 
and 2.4 were more fit than others. Gallegly and Eichenmuller (1959) demonstrated 
that race 4 could arise from every race, which they develop fi^om single zoospore 
isolations. They postulated that the occurrence of race 4 character was as a result of 
mutations. 
This aspect of development of new races was further investigated in the 
present study by mix inoculation of race 1.7, 1.3.7, 1.2.3.4.11 and 1.2.3.4.7.11 under 
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protected conditions. Results revealed that out of four races, race 1.2.3.4.7.11 was 
detected from the very beginning till 10-40% DI. Race 1.7 and 1.3.7 could not be 
detected at any stage whereas race 1.2.3.4.11 was detected up to 45% DI. The new 
virulences viz. 5 and 10 which were not present in any of the physiological races 
mixed inoculated in the beginning of the experiment were detected for the first time at 
30%o and 90-95%o DI, respectively. They continued to be part of the race flora till crop 
maturity (Table 4). Similar results were obtained when mixture of races were 
inoculated on detached leaves. This showed that the new physiological races arose 
during the course of disease development/clonal multiplication both by addition and 
deletion of new virulence factors. These results supports the earlier findings that new 
races may arise from a single or a mixture of races without exerting any selection 
pressure (Black, 1952; Malcolmson, 1970; Shattock, 1976). 
Introduction of new strains (A2 mating type) to rest of the world, outside 
Mexico through a series of migrations have opened up possibilities of sexual 
reproduction in P. infestans in nature. This has since has been demonstrated by 
several workers across the globe (Fry et ai, 1992; Drenth et al., 1993a; 1995; 
Andrivion 1995; Erwin and Riberio 1996; Grinberger et al, 1989). The A2 mating 
type as reported earlier was introduced in India during 1986 and since then it has 
spread far and wide across the country. Presence of thick walled oospores in nature 
both in temperate in sub tropical plains in India have shown that P. infestans has 
started reproducing sexually. Expectedly, this is going to have far reaching 
implications on P. infestans structure, biology and its epidemiology. It was with this 
background that crosses were performed between Ai and A2 mating types for studying 
the effect of sexual reproduction on variability in P. infestans with regard to mating 
type, ploidy, races and RAPDs. 
l?f i 
It has been established that mating type is a simple character to determine but 
its genetic basis is unclear. Varying ratios in Ai and A2 mating type in Fi progenies 
have been obtained by various workers which include (i) 1:1 (Eamshaw and Shattock, 
2002) (ii) 2:1 (Castro and Zentmyer, 1968; Romero and Erwin, 1969; Shattock et al, 
1986; Mosa et al, 1993; Mayton et al, 2000) (iii) 1:3 (Shattock et al, 1986) (iv) 1:2 
(Romero and Erwin, 1969) (v) 4:1 (Eamshaw and Shattock, 2002) and (vi) all Ai 
mating type (Romero and Erwin, 1969). 
In the present studies four crosses were attempted using four different Ai and 
A2 mating type isolates which yielded four different ratios viz. 1:2, 2:1, 3:1 of Ai and 
A2 mating type and only A2 mating types in Fi progeny. These results are in the 
conformity with earlier findings who have reported almost similar ratios in F] 
progeny. Reasons for throwing out varying ratios of Ai and A2 progenies have been 
discussed by Shaw (1983b), Sansome (1980), Shattock et al (1986; 1987) and 
Shattock (1988) and this may hold true for present findings as well. 
Development of new physiological races as a consequence of sexual 
reproduction has been demonstrated by several workers. Romerio and Erwin (1969) 
detected recombination of factors for virulence in Fi progeny. Similar results were 
obtained by Gallegly (1968, 1970) and Laviola and Gallegly(1983). 
New races arose either by rearrangements of virulence factors (Romerio and 
Erwin, 1969), or some times, new factors were also detected in Fi progeny (Smoot et 
al, 1958; Niederhauser, 1959). In the present studies only one out of two parent races 
could be recovered in Fi progeny. A total of 13 new races comprising 2-6 genes were 
recorded. These results are in conformity with above reports where new physiological 
races were detected in Fi progeny. Several studies on genetic control of virulence 
have demonstrated that segregation of virulence phenotype in Fi progeny is controlled 
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by both single locus and/more than one locus (Spielman et al., 1989; 1990). This 
might hold true for present studies as well. 
Impact of sexual reproduction on ploidy status of the progeny isolates has 
been studied by Whittaker et al. (1991b) in detail. They observed that most of 
progeny isolates were hybrid in nature. Crosses involving 2C x 2C parents produced 
2C Fi progeny only whereas crosses involving 2C x 4C produced F| progeny 
comprising of 2C to 3C. In the present study progeny of cross involving 2C x 2C 
consisted of diploids (75%) and triploids (25%) which is at variance with the result of 
Whittaker et al. (1991b). Shaw (1983a) has extended plausible reasons based on 
bisexual nature of Phytophthora isolates for varying ratios of polyploids in Fi 
progeny. This might hold true for present results as well. 
Although there are no specific report on use of RAPDs as markers for 
studying genetic variability in sexual population of P. infestans, however, RAPDs 
have been used to established hybrid nature of Fi progeny of P. sojoe and P. 
cinnamomi (Whisson et al, 1994; Tyler et al, 1995; Linde et al, 2001). It was proved 
conclusively that RAPDs can be Employed for determining hybrid nature of F] 
progeny in both the species. In P. cinnamomi all but one of the Fi progeny isolates 
contained one or more RAPD band from each parent indicating that they were likely 
to be hybrid. Present findings are not in total agreement with that of Linde et al. 
(2001). All the 12 progeny isolates possessed one of the bands of A2 mating type 
parent whereas only four out of 12 progeny isolates had common band with Ai mating 
type parent indicating that only part of the progeny has received genetic material from 
Al parent. This is also evident from the phenogram showing relationship between 
parent isolate and Fi progeny using RAPDs as marker (Fig. 36). Ai mating type 
parent was clustered on a solitary branch of the phenogram with an average similarity 
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of 0.68 with other isolates. On the other hand, A2'mating type parent and other 12 
progeny isolates were grouped together in the phenogram with an average similarity 
of 0.74; SD ±0.07. The 12 progeny isolates were grouped into 3 different sub-clusters 
with an average similarity ranging from 0.56 to 0.93. The high level of genetic 
relatedness among the progeny isolates is expected because all of them belonged to 
A2 mating type. 
As indicated earlier, P. infestans had started reproducing sexually small 
measures at least in some pockets, especially in Europe. Beside, enhanced variabiHty 
in the resultant sexual progeny, there are apprehensions that the sexual population 
would be more fit and aggressive that the asexual population. This would have a far 
reaching implications on epidemiology of the pathogen, and consequently, on the 
management of the disease. Tooley et al. (1986) in a comprehensive study analyzed 
fitness of sexual population vs. asexual population using detached leaves. They 
observed that the lesions were larger for isolates from sexual than asexual population. 
However, no significant difference in sporulation capacity were observed, nor were 
isolates from one population were more fit on the basis of composite fitness index. 
Results obtained by Mayton et al. (2000) on pathogencity of recombinant progeny 
tend to suggest that sexual population is likely to be less pathogenic than either 
parent. They further opined that most of the progeny will therefore, not be selected 
and will not survive. 
In the present studies, five isolates each of sexual and asexual population were 
evaluated for their aggressiveness using whole plant and detached leaves of two 
potato cultivars of Kufri Chandramukhi and Kufri Jyoti. The aggressiveness was 
assessed by determining composite fitness index and its components. Results revealed 
that sexual population was comparatively more aggressive than asexual population 
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when tested on whole plant and detached leaves (Table 10 and 14). Differences within 
sexual population was narrow when tested on whole plant. No significant difference 
were recorded in sexual population with regard to composite fitness index and lesion 
area although they differed significantly in respect of their sporulation count. 
However, significant differences were detected with respect to composite fitness 
index and lesion area when tested on detached leaves. Further, it was also observed 
that, although on overall basis, sexual population was more aggressive than asexual 
population but there were isolates from asexual population which were comparatively 
more aggressive than some of isolates from sexual population. These results tend to 
suggest that some of the isolates in sexual population are more aggressive than 
asexual population which may get selected by their rapid multiplication over seasons 
thereby displacing the less fit asexual population in the years to come as suggested by 
Mayton et al. (2000). 
Genetic changes in P. infestans population over time have been documented in 
Europe, USA and Asia (Drenth et al, 1994; Sujkowski et al, 1994; Shattock and 
Day, 1996; Day and Shattock, 1997; Miller et al, 1997; Marshall-Farar et al, 1998). 
It has been demonstrated that the old population which was predominantly Ai mating 
type has been gradually displaced with new population consisting primarily of A2 
mating type. Goodwin et al (1998) reported that increased late blight epidemic in 
United States during 1994 through 1996 had been primarily due to development of 
new genotype viz. US7 and US8 which almost displaced old population (USl type) 
during 1993-1996. Rapid displacement of USl by US8 also has been documented 
locally in Wisconsin (Marshall- Farrar, 1998). Similar displacement of old population 
by the new population has been observed at many places although structure of new 
population varied from place to place (Goodwin et al, 1996; Forbes et al, 1997). In 
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the present studies three isolates each collected during 1992, 1996 and 1999 were 
compared for their aggressiveness on cv. Kufri Chandramukhi (susceptible) and cv. 
Kufri Jyoti (moderately resistant) using whole plant and detached leaf method. Result 
reveled that isolates collected during 1999 were significantly more aggressive than 
isolates collected during 1992 and 1996 when tested on whole plant (CFI 49908.44, 
40713.99 and 38471.26, respectively; LSD0.05 2058.26). Similar results were obtained 
when isolates were tested by detached leaf method (Table 20). Fitness component viz. 
lesion area, spomlation count also followed similar trend (Tables 17 and 20). Perusal 
of the status of the isolates collected during three years revealed that during 1992, P. 
infestans population primarily consisted of Ai mating type, ploidy ranging from 
triploid to tetraploid and race consisting of 5-6 genes. In the subsequent years (1996, 
1999) the isolates were predominantly A2 mating type, diploid in nature and 
consisting 5-7 gene races. This indicated that population had undergone a significant 
change during 1992-1999 with regard to mating type and ploidy. As is evident from 
above, the new population is predominantly A2 mating type and diploid in nature, the 
traits which makes P. infestans more aggressive as demonstrated by Kato and Fry 
(1995); Fry (1999); Peters et al. (1999); Gupta, J. (2000) and Singh (2002). 
A large number of markers have been used over the years for cataloging 
variability in plant pathogens. They include (1) Biological markers (mating types, 
fungicide resistance, virulence), (2) Cytoplasmic markers (mitochondrial DNA based 
markers), (3) Neutral markers (Allozyme markers, polymorphic DNA markers). All 
the above markers have been used extensively in characterizing Phytophthora species 
including Phytophthora infestans. Amongst polymorphic DNA markers, single locus 
co-dominant markers (micro-satellite, SNP, SSCP) (Wattier et al, 2002) are better 
over dominant multilocus markers (RFLP and AFLP), since each allele of markers 
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can be detected and data on frequency of various homozygote and heterozygote can 
be used to characterize the breeding system. 
RAPDs are another set of molecular marker, which require no cloning, they 
are easier to carry out and require very small amount of crude DNA. RAPD 
fingerprinting can be faster than RFLP analysis (Williams et al, 1990). However, 
genetic interpretation is more difficult than with RFLP since non-amplification can 
result from base pair substitution at any of 20 different nucleotides complimentary to 
the primers at the end of amplified fragment. In this case, all the possible base pair 
substitutions are lumped into the same category (which is treated as an allele) as a 
non-amplified fi'agment. However, despite above deficiency, RAPDs have been used 
extensively to (i) establish hybrid nature of Fi progeny (Tyler et al, 1995), (ii) study 
gene flow between Phytophthora species (Goodwin et al, 1999), (iii) study 
taxonomy/intraspecific variafion (Cooke et al, 1996; Zheng and Ward, 1998; Elena 
and Paplomatas, 1999) (iv) to establish relatedness and catalogue variability within 
the Phytophthora species (Liew and Erwin, 1994; Chang et a/., 1996; Darmono, 1997; 
Meng et al, 1999; Nyasse et al, 1999). RAPDs have also been used in recent years to 
study P. infestans population structure by various workers (Punja et al, 1998; 
Mahuku et al, 2000; Abu-El-Samen et al, 2003; Daayf et al, 2001; Paez et al, 
2002). Mahuku et al (2000) employed RAPD analysis to study P. infestans structure 
in Canada. High level of genetic diversity was detected by them within population 
indicating that migration and sexual recombination probably played an important role 
in the population biology of P. infestans in Canada. RAPDs could also be employed 
to distinguish Costa Rica P. infestans population from that of Northern Cartago and 
Zarcero. Paez et al (2002), on the other hand, used RAPDs successfully to estabhsh 
relationship between pathotypes and other markers such as mating types, metalaxyl 
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resistance and Gpi allozyme. RAPD data revealed a good distinction between Ai and 
A2 mating types groups (Daayf e^  al, 2001). 
In India, P. infestans has been catalogued extensively by using biological 
markers. They include physiological races, mating types and fungicide resistance 
(CPRI 1986; Singh and Shekhawat 1999; Gupta, H., 2000; Gupta, J., 2000; Singh, 
2002). Amongst neutral markers, allozyme markers have also been used for 
cataloging variability in P. infestans (Gupta, J., 2000). Since above markers cannot 
resolve population structure beyond a point, polymorphic DNA marker (RAPD) were 
employed in the present study to characterize P. infestans population. A total of 67 
isolates belonging to different geographical locations (Table 1) and representing 
various marker groups viz. mating types physiological races, ploidy and Gpi and pep 
isozyme genotypes were analyzed for their RAPD profile using ten random primers. 
The results revealed that RAPDs were able to resolve all the 67 isolates individually. 
Analysis of the phenogram also revealed that RAPDs could separate out isolates 
based on their geographical locations. Grouping of all the isolates from one region 
into one group tend to suggest that geographical barriers have played an important 
role in developing P. infestans population specific to those regions and that there has 
been very little gene flow between different geographical populations. 
P. infestans population studied primarily belonged to two different 
geographical regions viz. sub-tropical plains and temperate highlands. Analysis of 
isolates collected from sub-tropical plains revealed that most of the isolates were 
clustered regionwise, with few exceptions. Nineteen isolates from Uttar Pradesh 
(Modipuram) were clustered into two distinct groups indicating that P. infestans 
population in Uttar Pradesh has multipHed clonally and it has undergone change in its 
genome by mechanisms involved in throwing out new genotypes during clonal 
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propagation. Similar trend was observed in respect of isolates collected from Punjab 
and Rajasthan (Fig. 41). Two isolates each from Rajasthan (Rl, R2) and Bihar (B4, 
B5) and one from Punjab (P4) showed relatedness with Uttar Pradesh isolates 
belonging to cluster 2. This showed that P. infestans population has moved, although, 
in a small measure, to other States hke Bihar, Rajasthan and Punjab. It seems possible 
since seed potatoes from Uttar Pradesh are carried over far and wide including the 
above States. 
Twenty-four isolates collected from Khasi hills and Himachal Pradesh hills 
were analyzed for their relatedness (Figs. 38 and 39). Results revealed that hill 
isolates could not be separated out on regional basis indicating that P. infestans 
population in temperate highlands (hills) has evolved on similar pattern despite wide 
geographical separation. Comparison of isolates collected from Shimla hills revealed 
that except two isolates (HP5 and HP6) all were grouped into a single cluster. The two 
isolates which were distantly placed were collected, during 1996 and 1999, are part of 
new population (A2 mating type) introduced into India recently. 
RAPDs failed to distinguish between Ai and A2 mating types isolates 
collected from diverse geographical background. Since Ai and A2 mating types 
isolates did not form distinct clusters in the phenogram (Fig. 37; for mating types for 
isolates details please see Table 1). Some of the Ai isolates (UPl) were closely related 
with A2 mating type (UP2). Whereas there were isolates within the two mating type 
populations which were distantly related (UP 17 Ai, HP6 A2 mating type). This 
indicates that the RAPDs can be employed used for resolving differences even within 
and/or between different P. infestans populations. As mentioned earlier, RAPDs also 
proved useful in differentiating hill isolates of Ai and A2 mating types from that of the 
plains except two isolates (Figs. 45 and 46). This supports our earher finding that 
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RAPDs are useful markers for distinguishing isolates on the basis of geographical 
boundaries/regions. 
RAPD analysis of 33 P. infestans isolates belonging to seven Gpi genotypes 
revealed that no distinct groups were formed based on Gpi genotypes. This indicated 
that the isolates within each Gpi genotypes differed at genomic level. RAPDs also 
resolved isolates from same genotypes into different subgroups (Fig. 48) suggesting 
that RAPDs are better marker than isozymes. This has also been opined by earlier 
workers as well (Nyasse et al., 1999). In addition, some of the isolates belonging to 
two different Gpi genotypes were more related than some of the isolates from the 
same genotype. This further suggests that isolates of same genotype may not be 
having same genomic arrangement. Similar results were obtained when 35 isolates 
belonging to three pep genotypes were analyzed using RAPDs (Fig. 49). It is now 
well established that P. infestans population is polyploid in nature, although 
frequency of different polyploids varies from region to region (Tooley and Therrien, 
1987; Gupta, H., 2000). By virtue of presence of different copies of chromosomes, 
genetic materials in polyploids, is expected to differ in their makeup. But even 
isolates belonged to the same ploidy showed marked differences (Fig. 52). This 
indicates that ploidy cannot be used to characterize P. infestans population. In present 
studies triploid isolates showed highest relatedness among themselves (average 
similarity 0.78, SD ±0.05) followed by diploids (average similarity 0.75; SD ±0.05) 
and tetraploids (average similarity 0.73; SD ±0.07) indicating involvement of 
outcrossing between different polyploids in nature. 
Data on RAPDs profile of ten different physiological races revealed that 
although physiological races having different virulence factors are unique but are 
related to each other, since they were clustered into two main and three sub-clusters 
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(average similarity 0.52; SD ±0.14) (Table 42). This indicates that different 
physiological races are related to each other in their genomic constitution and 
therefore are not reliable in cataloging variability in plant pathogen. 
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Summary 
Late blight of potato caused by a fungus like organism, Phytophthora infestans 
was recorded in India for the first time between 1870 and 1880 in Nilgiri hills 
whereas under sub-tropical plains, it was for the first observed during 1898-1900 in 
Hoogly district of West Bengal. Since then this disease has spread far and wide and is 
now a recurring problem both in the hills and in the sub-tropical plains. Crop losses 
may vary from 20-80% depending upon the cultivars and the regions. Average annual 
crop losses due to this disease are reported to be 15% valuing to 60 billions Rupees. 
Extensive research on potato late blight has been carried out in India since 
1949. As a result of this, more than twenty late blight resistant varieties have been 
developed and deployed across the country. Besides, pathogen population has been 
studied and characterized mainly using biological markers. It is now well established 
that both Ai and A2 mating types occur in varying proportions in the country, which 
provides opportunity for sexual reproduction to occur in nature. 
In light of new findings on population structure there is a need to further 
characterize the pathogen population and work out implications of sexual 
reproduction under Indian conditions. The major objectives of present investigations 
were to conduct detailed study on pathogen population structure, population dynamics 
of the new strains and work out implications of sexual reproduction in nature. 
The aspects covered under the investigafions includes :-
1. Characterizafion of P. infestans populafion(s) using RAPDs as marker. 
2. Study population dynamics of P. infestans population using mating types, 
races and ploidy as markers. 
3. Comparafive aggressiveness of asexual and sexual populations. 
4. Study the role of sexual reproduction in generafing newer genotypes. 
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5. Compare variation in aggressiveness of P. infestans isolates collected over the 
years. 
Studies on population dynamics of Ai and A2 mating types under protected 
conditions by mixed inoculating the isolates of two mating types in equal proportions 
revealed that the new strain (A2 mating type) is comparatively more aggressive so 
much so that it completely displaced the old strain (Ai mating type) by the time 
disease severity increased to 70% and subsequently only A2 mating type was 
recorded. 
Similar studies were carried out using different polyploids. Results revealed 
that in the beginning when disease severity was low (10-20%), frequency of triploids 
was highest followed by diploids. Tetraploids were altogether absent. Thereafter 
population of diploids kept increasing and at 100% DI their population increased to 
80%). The remaining population consisted of triploids. Tetraploids were recorded only 
when disease severity was 30-35%). This indicated that amongst all polyploids, 
diploids are most fit under Indian conditions. 
Population dynamics of four different physiological races varying in their 
virulence factor vi'z. 1.7, 1.3.7, 1.2.3.4.11 and 1.2.3.4.7.11 was studied under protected 
conditions. Besides development of new races during the course of disease 
development was also investigated. Results revealed that out of four races only two 
viz. 1.2.3.4.7.11 and 1.2.3.4.11 were detected in varying proportions upto 40%) disease 
severity. Thereafter, only new physiological races were detected. Virulence factor 5 
and 10 which were not present in any of the parent race were detected in new 
physiological races. Similar results were obtained when above mentioned races were 
mixed inoculated and clonally multiplied over generations on detached leaves. These 
results supports the earlier findings that new races may arise from a single or a 
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mixture of races even in absence of any selection pressure. 
Implication of sexual reproduction on development of new genotypes was 
studied using mating types, ploidy, physiological races and RAPDs as markers. 
Results revealed that inheritance of mating type in Fi progeny did not follow any 
definite trend. Progeny from four different crosses yielded four different mating type 
ratios in Fi progeny. They include 1:2, 2:1, 3:1 and all A2 mating types. 
In the present investigation sexual progeny also yielded new physiological 
races. Only one out of two parent races could be detected in Fi progeny. Besides, 13 
new races comprising 2-6 genes were recorded. Studies on impact of sexual 
reproduction on ploidy status of progeny isolates revealed that when 2C x 2C isolates 
were crossed, the resultant progeny was polyploid consisting of diploids (75%) and 
triploids (25%). These results are at variance with Whittaker et al. (1991b). 
Studies on use of RAPDs as marker for studying genetic variability in Fi 
progeny revealed that all the 12 progeny isolates possessed one of the bands of A2 
mating type whereas only four out of 12 progeny isolates had common band with Ai 
mating type parent indicating that only part of the progeny has received genetic 
material from Ai parent. This fact is also evident from the phenogram showing 
relationship between parent and progeny isolates. 
Comparative aggressiveness of sexual and asexual population of P. infestans 
was studied by using five isolates each of sexual and asexual population on whole 
plant and detached leaves of two potato cultivars Kufri Chandramukhi (susceptible) 
and Kufri Jyoti (moderately resistant). Results revealed that sexual population was 
comparatively more aggressive (Table 10 and 14), although, there were isolates in 
asexual population which proved more aggressive than some of the isolates of sexual 
population. 
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Differences within sexual population were narrow when tested on whole plant 
as compared to detached leaves. No significant differences were recorded in sexual 
population with regard to composite fitness index and lesion area although they 
differed significantly in respect of sporulation count on detached leaves. 
Implication of change in P. infestans population over the years was studied by 
comparing aggressiveness of three isolates each collected during 1992, 1996 and 
1999. Results revealed that isolates collected during 1999 were significantly more 
aggressive than the isolates collected in previous years. This suggest that the new 
population which was added over the years is more aggressive and that it will have 
long terni epidemiological implications. 
Genetic variability in P. infestans was studied involving 67 isolates belonging 
to different geographical locations (Table 1) and representing various marker groups 
viz. mating types, physiological races, ploidy and Gpi and pep isozyme genotypes 
using RAPDs as markers. Results revealed that RAPDs were able to resolve all the 67 
isolates individually suggesting the utility of RAPDs as a DNA marker for 
fingerprinting P. infestans population. It was also observed that RAPDs could 
separate out isolates based on their geographical locations. Grouping of all the isolates 
from a region into one group tend to suggest that geographical barriers played an 
important role in blocking the gene flow from one population to another. RAPD 
analysis of P. infestans isolates belonging to 7 Gpi and 3 pep genotypes revealed that 
no distinct groups were formed based on genotypes (Figs. 47 and 49). This indicated 
that the isolates within each genotype differed at genetic level. RAPDs also resolved 
isolates from the same genotype into different subgroups suggesting superiority of 
RAPDs over isozyme markers. 
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